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NoTWiTHSTAiTDiNO that the subject of StrainB has been ably 
treated of again and again, it is difficult in submitting this 
little work to the public to avoid the almost stereotyped ex- 
pression that ** the design has been to supply a want long felt 
in the profession;" for the numerous volumes which have 
appeared on the subject have not, principally on account of 
iheir elaborate investigations, been calculated to afford that 
ready assistance which in the ordinary run of office and other 
work is being continually needed, while on the other hand, most 
of the general Engineering Pocket-books, not having been able 
to afford sufficient space to do justice to the subject, have been 
compelled to leave its treatment incomplete. It is hoped, 
therefore, that by devoting a small work, in a handy form, 
entirely to Bridge and Girder Calculations, without giving more 
than is absolutely necessary for the complete solution of prac- 
tical problems, both the above obstacles to quick and satisfac- 
tory manipulation may be overcome. 

One of the chief features of the present work is the exten- 
sive application of simply constructed diagrams to the calcu- 
lation of the strains on bridges and girders, the advantages of 
which as a system, most undeniably far outweigh its disad- 
vantages. The parabola (anything but a troublesome figure 
to draw] and a few right lines are all that are required. 



IT ?BKIACE. 

There is, again, a more general application of the Moments 
of Buptore, and Shearing Forces, to open-webbed girders of all 
kinds, than has hitherto been attempted. 

It was originally intended to diyide the whole work into 
three sections or chapters, similar to those actually adopted 
only for the middle portion (pp. 24 to 60), which chapters 
should correspond with the various processes in the design of 
a bridge, thus making the very arrangement of the work a 
general guide. But it was afterwards deemed advisable, as 
will be seen, to place the Moments of Bupture, and Shearing 
Forces, by themselves at the commencement, as a basis upon 
which the remainder is principally founded. 

In the following pages will be foimd, almost necessarily, 
many omissions, but care has been taken as far as possible 
to avoid inaccuracies. It will be observed that attention has 
been paid to the arrangement of the matter in different types, 
so as to facilitate as far as possible the manipulation of the 
contents. The work is not advanced with the pretensions of 
a treatise, as no investigcUiong whatever are given, but merely 
their retuUs; and these, it is hoped, in an intelligible and 
practical form, suited to the wants of the Engineer, Architect, 
Draughtsman, or Builder. 
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1. The 8TABILIT7 OT A LOADED BSAH Or girder is founded on the 
equality that must always exist between the resultants of all the various 
external forces tending to cause its rupture, and the sum of the molecular 
reactions which resist the same. The former may be resolved — (1) Aori- 
zontdlly into strains, depending for their value upon what are known as 
MomeiUs of Rwpture^ or Bending Moments, tending to cause the failure of 
the beam, by tearing asunder its fibres in one part and crushing them 
together in another (4) : and (2) vertically into what are known as Shear' 
ing Forces, due to the transmission of the vertical pressure of the load to 
the points of support^ and tending to cause contiguous vertical sections in 
the beam to slide over each other (171). The values of the molecular 
reactions are the Moments of Resistance, for which see (904 — 914}, 

MOMENTS OP RUPTURE. 

2. Abbreviations adopted ia.tlie Formalse* 

Ms = moment of rupture at any point (x). ^ 

Ma., Mb =» „ at points of support (A^ B), 

Mo =» „ at centre of span. 

I = length of clear span = distance between supports in a whole 
beam =■ distance between W and support in a semi-beam loaded 
with W, Where used in any other way explanation will be 
made. 

X = horizontal distance between the left abutment (except where 
otherwise stated) and the point at which M is to be found. 

W ^ concentrated load at any point (61). 

w = distributed stationary or dead load per unit of length. 

«/ = ,, moving or live ,, „ (61). 

Def. = maximum deflection (881) for a beam of uniform section (883). 

I 3B moment of inertia of the section of the beam (for value see 
804—814). 

E B modulus of elasticity (173) ; for value see 831* 

Other abbreviations will be explained as they occur. 

3. Note. I, x, and other horizontal distances when occurring in the sam 
case, must be all of the same denomination ; and so also must w and v/, 

B 



tlMMtionof Usekkdnukt^ortenditomakfl t^oppennr&Mof thebeam 
(mow'') "^ f'«^'>f« tomfnmm together Uie fibiw in (he (j^) 
port, and steetchei tiiem in tbe f '°*''' ) put. 

S. In the Iluss«iis, the ordioatM (th« tertieid dutuwM from die 
boriioiiUl, or other linei) to the cmre*, Ac, m ihowD thereas, eorreapond 
to the TSlaes of the focmnln aeoompanfing them. If tbe diagiam be 
drawn to leale in tbe mtnner diraoted, tbe Homeota ef Ssptnre maj be 
obtained bj dim* meaiurmtHt. 

Fig. A, Kg. B. . 



The vertical liues, ae in Eg. A, eoireapond to potitiTe, and thoea aa- in 
Gg. B to negstiTe ralnee in the formni» (4). 

t. When a diagram is need in the calculation of the mDmenta, it ahonld 
be drawn immediately nnder, or over, and to the nuDe bonionlal ncale aa 
the OQtline eketch (B3, III., and St) of the iprder itwlf, so that the ordi- 
natea in the diagram will correapond with die Mreial points in the length 
of the girder to which thej applj. 

T. acaU.BeBB Fixed ■ 



DuaBiv.— LetABbethebaam(S.»). Draw 
A C B W ^. Jun to B. Then the Tartical dls- 
B ttill gire the momenla of mpUue. 



W, W„ W, (31). 

M. = -(Wi + w, i, + w,o ■ ■ ■ (*■) 

When(i-a)or(I,-J:),t 
M tie omitted. 

B be (he beam (B, >). Draw 

■" ■ ' ■ ", = W i. Join 

le vertical dig- 



it i> to tie omitted. 

DiAaRAK.— Let A B be (he beam (B, >j. 
AD3=W,4.DC=W, i„andAE = Wi. 
to B, E to W, and C to P, in the manner shown. Then tbe vertic 
Jicea bcCBeenOPBandB WBwiUgivetliemomenUofmpUire. 



•. iCMl-Bcaa VUM mt Ob« Ead, aad Eoaflcd CBlCovBlr I 
EMlre kcbkUi (3a)< 

M = — —^i mu-k^tkalduetolkttaiiit 
toad (u Q eotutKifaitd at Ijtt end. 

M.= -hl-^cf . . (4,) 



DllSklH. — Let A B be the beam (1, •}. Drav A C = ~q-. Drav the 
>tB(f3f). Tben Uis Tartlcal diBUuioei belwMU 



[rnKOnDlf ]>!■• 

Let I = the length of the load ;— '^^ *■ 

When X U lees than or equal to (I — z), then 

"•-—■('-i--) 

Wten X ia greater than [I - z), then 



DlMBAif.— Let A B be the beam (0, c). At A ereet A C = uc f 2 — | L 

Join C to apiunt in A B at the mid length af the load : (as in the I^gJ; 
Dnw the aemi-iaiabola D B (S3t) the suae as fur a beam of the length ::, 
fully loaded (•). The TerUoa] aUUnaeB betireeD A B and D S wlU Rive tbe 
inoP3«nt4 of rapbuie. 

II, BcBil.BeiiH Fixed mt Oa« End, u>4 
UnaMj ninnumtta ImM, bbA alM • Conct 
KxtttmUr <3t). 

toll 

<*■) 

DuaaAV.— Let ASbethebeam(S, •). Dnw A C = -^ . ■ 
W I. Drair the parabola C B (aa in 9) with its vertex at 
Then Ihe lerUcal diituce* betneen O B and C B will give Ihe ni 
raptote, ThlilBbnCaoombinationorfl) lad (9). 



-[^*'4y 



It.' Dean SuBpmttA at Bolii End*. a>d leaded at tbe C«>ne (4*7< 

^■•- M^ = M. = 0, Mt=-j- 

M, = -5- (a; being measared from 
the Demer pUr). 

D«f. - ^g g J 

Ditosui. — Iiet A B te tlta beun 
(B,«). Atmid-spoD met CW = -j-. Jwn C to A »a B. Tlion Ui« 
TOrtics] diBUHicea beWresn A B Mid A C. C B iriU aive Uio momsnta of raptarB. 

13. Benm SappoMfd ■( Both B»d». »»d Inaded wltb a «•■- 
uatralcd Welahl at anr Point (41). 

The grenteat moment will always be oblMned a( the pmnt of appUcation 
nt. 7, of the load, and = — ^ — 

M, = M, = 0. 

Vfxb . 
Between A and W, M,= — j — 

Between B-andW, M, = — j— ■ 

KoTE particularly tbat a must be measuied from the pier which is on 
the sauie tide of W aa z la. 

DiiOBiM.— Let ABbethebeani(B,»). AtWerectWC= — ^. Join 

C to A and B. Then the rertical dlBlancea between A B and A C, C B will Rive 



Bda. and Loaded with any Wnmbep 
ot CoaccDlroted ITclBbte at anj' 

POlBll. 

The mommt 0/ ruplure at any 
point prodttced by all tht weighU ia 
the turn of tht mommls produced at 
fAot point ii; each of tht weighis 
t^aratdy (13 and 33a). 

Let there be three weighta, W, 

Wi, W_ and let the aegmenta into 

which &tt] each divide tlie beam be 

«ii suppoaing that x ia taken between 



+ 'W, i,x), h&viDg tegard to tbs noU in (13). 



DiisRAii. — Let A B b« the b«Am (>,•). Draw ACB,ADB, 
and A B B IB for three separate tama, hy (13). Frailnce W C t[ll 
WL-WP*ffG + WC. ProdneaW, DtillW, N=W,H + W, 1 + W, D; 
and BO on fbr the ireight W- nating W, P = W, K + W, J + W,E. Join A 
to L, L Id N't N to F, and F to B. Then the ordiiiBUB from A B to Uie poly- 
Bonol Ogaja AL N P B will give tbe momenlB of rupture. 

NoTB. If Uie veights be all eqoal, the Tertiesls at the weigbtg repTesent[Dg 
the momenta prodoeed there by those weigbta <aa WC, W,D, W,E) will 
all be ordinateB to a parabola (>3l) diavn u for (it). 

The fbllowtng ceaea (■>< ><) btb adaptatiODB of the above scheme to coo' 
clitiODB frequently met with in praclico. 



IThs moment for an; point between 
the weighta ia a eonstant quantity 
W (i - S) 



DuaBAM. — Let A B be the beam (s, s). 
WD each eqoal to (W a). Join A to C, C I 
tioal diatancea between A B and A D B nil! give (lie 




DusBAv.— Let A B be the beam 
{*, •). At W and W, erect W C and 



W-F, each equal to (2"Wa); and at W, and W, erect W.D and 
W.B, eaeheqnal to W(2H + a'). Join A to C, CtoD, D to B, EtoP, 



and F to B. 



Ths maiunnm moment at tnj 
M^ = If . <- 0. 



(131), wbow ordinate at centre (C D) = 



nen the rerticil dlitoncva 






Tlis poaitioi 
( ^ ff, S 
2-2(« + n,)- 



Let w and v, be the two veighta. 
The value of the miuumum momsnt 
prodoeed at tnj point ii 

X bnng meHDTed from the nokrait 



Orif the t«o«e^t«beeqnal; vhenx — 2 —4* 
U, > H. = 0. 

DiASRAH.— Ut ABU the beam (S, «). Dnv the paraboU A C B (f 9S), 
whose ordinate at centre = '-^^i^'- At Aand B eiwt AD and BB - 



im Snpponea at Both Cadi, aa< I««<e4 mmtBomUr Its 

M. = ^ (l-x). M. = ^. 

Hi = H. = 0. 

ofu lal/ fiononxitf oJ ctntrt, <md j 
(Ac J^«(iim prodveed bji ike (onx 



Id tLe sonpled driTing Kheeli of a loeomotiTs, 



XOMEKTS or BUPTURK. 7 

A CB(llS9) whose ordinate at centre = — ^ — . Then the rertieal dia* 

o 

tanoes between AB and the parabola AC B will give the moments of raptore. 




^•. B«am sappartaA ai Batli Kmdfl, waltfect to a load aalfonalx 
l^iatrilmted over a eortalm leastli 
flrom oae Snpport (45). ^* ^^ 

Let a egual ike length of the load, 
and let X he measured from the abtU' 
tnentjrom whieh the load advances. 

The greatest moment prodnoed by a 
flliven length of load will oe at its eztre- 
nut^a or wlien x = s, tbat is, proyided the 

load does not extend beyond the centre of the span; for shonld it depass that 
point, the greatest strain will remain constant in position at the midspan, in- 
oreaaing inlntensity until the load completely covers the span. 

When « ss 2, or more than z, M, = si — • 

to « ( « (2 l—z) ) 
When X is less than «, M« = -g" j 1 — a? { • 

M^ » M. » 0. 

DiAGBAV.— Let A B be the beam (5, 6). At the extremity (C) of the load 

draw 0D = ^^ ^}'~'^\ Join A to D, and B to D. Draw the parabola 
2i a 

A E C (239)| whose ordinate at its centre = !^ ; the same as if for a 

8 

uniform load on a beam AC, supported at A and C. (I*)* Then the vertical 
distances between A D B and A B G B will give the moments of mptore. 

91. Bevm^apporCed at Botli 'Iteds, subject to a I.oad nnlfonnlj 
Vistrtbated over a certain Eenvtli Mot Extending ^ eitlier Sapport* 

Let z^ihe length of the had. Yig. 15. 

Let V = the distance from the load 
to the left swpport ; and let x he mea- 
sv/rtd from the same support. 

When 2B = v, or less than i;, 



II..— 



('— i> 




I 

When X is equal to or or greater than (v + z), 

wz I z\ 
M« = — ^v + 2 j (Z - a). 

When X is greater than v, and less than (t; •»- 2), 

wx x^ s (g + 2 v) y viv^ 
M,= — |22 + 2i;-a;- j i ""T" 

Ma = M, =-. 0. 



8 snuns ih buhs. 

DuoBUi.— Let A B b« the beam (5, •). And I«t the load extend orer 
the length 2. At E, the centre of tbs Iwd, erect S H - ^^ ■ Join 
H to A and H to B. At C sod D, tbe eitremitie* of th> lo&d, dr»v per- 
pendicuIoTB to A B, intenectiDg H A and B B in P and Q reepeeti^]'. 
Join F t« Q. On C D, dntir the parabola CB D (333), whose ordinate at 
eentre is eqnol to —^, Um same oa for a disbcibated load on a beam of the 



b End^ Hbjeel to ■ BalllBii DIstrl. 



M.. j -5-. 

tbon ' , bSToud which limita i in the for- 
mula moEt be token eqoal to a i. 
SuSEAH.— LetABb«tliebeain(S,«). On AB drawtbeparabolaAD B 
(131), whose ordinate at centre = — . Make CS = ~. Thioagh E 
draw G P parallel to A B. Make the horizontal dielanee of F and B from 
A and B reepeclivelf (as C B) = — . The diagram will be accurate from P 
10 E. Bntfor tlie coDNrnction beyond those limlU proceed as follows. Draw 
of puis ■ (eay five), and at tbe dirisioas diaw vcrticais. M the fint diiisioD 
ftom E toha - (= i) Qt the verUcal distance between the paratnlic ercs B B, and 
DBmeosnrinsIhimEB, At the second dirieion take — and eo on, coimtinR the 
divisions from the aliatmeiit, and measuring from the smaller power) panLbda, 
nri -.. ,_._-> ,_.j_... .I . .. '- "le diagram, to 

B will give the 



33. Points of ComlmiT Flexnre, or of infleiion, or of "no- 
rrature," as tbejr are sometimes called, are points at which the nppci 
.d lower snt&ces change from conTexitj to concavity (4), and net vtrtS 
^eSg. 23). At Ibese points, astbereigno corratare there is no moment of 
raptnre, for the moments of rupture are tbe intenaities of the curving or 
bending forces {I}. 



M. BeM> ar Rqaal Bad VBlfam ■ 
HtnoMtU (l«S), Fixed horliantallr i 
*Ia« centre. (See 30.) 

The lavgtJi ff a idttitieal vnih 
<ia), and tht parU A/ and B/' 
mlh. (I). 

„ .11 „ -i(,_i). 



DuaBAv.— Let A B be Ibe be»m'(B, •), it mid-gpra erect C W = -Lz. 
AtAandBereet AD and BE, each ^ — . Join D to E, anaCloA 
uid B. Then ths lartiCftl dJBlaiiceB between D B and A C B will give the mo- 
t the iatergacUon of A C ind 



Tht length ff ii ideniical mlh (l»), and the parts kf and B/' vjilk 
[111, "10 coneentraied load at, the ta.- 

treioitr of each Bemi-besm A/, B/- bemB Fig. IS, 

equalto half UisdiaifibaCed load oa/A 



M.=M.= -^'. . .(1.) 



Wlere M, = 0, there are the poinU of eanlrart; JUxare (33), distai 
from A and B respectively bj ■21Ii. 
Sml* 
Dof. = T536eT " *"" !"'"■'''■ 'Aot o/(ie*aDie iaim if not fixed allht 



Duauv.— Let A B be the beam {S, S). Oa A B draw the parabola 
ACB (>3t), whose ordmate at eentrs C D = ^. At A aod B erect 



k B and B P nape«tiT«l]', etch equal to ^ — Jinn E to F. Tbim tba 

t«. BCUB at Vnirom MrcaMh (ISS), rii«d hoFUontallr at BMk 

BM*. wd Iwtded nUOmlT !(■ entln K«aath (41). (3oe 34.) 

TU length ff (=4i) M tdenft'i:aiiBi(A(l»), and lU parti Af and 

-0/' m(& (11)1 theanMoitnud load 

■V' "• at the eitramior of ouh boinff equal 

■« - 82 

310 i' 
M. = M. = - -33- . . <4.) 

Wbere M, = 0, there »re tin po»nJio/cmirarj/eEBre(»S). 

DuBBiii.— Let A B be the iKam (>, s). On A B dnv the puabola 

ACB (»3S>,whoseordin«te at centre (CD) = —. At A and B erect 

AEuid BFmpectivelr, each = 1^'.. JdnBtoF. Tben the mtliial 

distanoea betirean B F ard j 
of eoMraryfitxare («3) ai 

£7' B ea ^ of ITalfome aad £(|iiAl Hi 



M. = ~ {i - ar) - M. + 

f(M.-M.). 
■WhereST, — 0,llierfl are the poinU of eoatrary fiejnin. 
DlAHHAH.—Let A B be the beam (I, •). On A S draw the parabola 
ACB(S3S), vhne erdJnaU at centre C D = ^. At A and B erect A B 



and BF reapMtivelj, mtkiog AE-M., &ad BF=^M. . Jaia EtoP. 
Then tfas TorUoal dlitwHH benrau BF luid 40B nil! give the momonto of 
rnptDro, When E F ioterMOti A U B, thare vill be the poiiUt of eoalrarg 



M = -j-fi-J-) --jp-(»being 
mesmred from the nuGied 
end). 

M^ = 0. M. = - -g- . {*.) 

Titt point of eimtTarif Jltxvrt (13) ia where Mi = 0. 
A/= ■J'-T K "■* nudwaj between A aod / = lafl' * 

DuauK.— Let A B be Uie beun (S, a). On A B <\n.yr the pusbok 
ACfi {*n}, «h«M «rilin»l« at centre CD = ^. At B, the fixed end of 
theb«sin,eteetBEt=J^=2CD. JoinAtoB. TbenUieTenJc^diiUiioes 



Tkit coat u idtntieal mlh iht length fB of {it}. 
tt.= ^(i-a!)-^,(:r being 
td frMD the unfiled end). 



M fit midwey between A and / 

■= TF' 

Tb» pmiU Iff contrary Jkxure (is) le where Mi — 0. A/= -^ '■ 

• SeeM^ 

ooTTHt ¥Blae for A / ift 
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Diagram.— Let A B be the beam (5, 6). On AB draw the iMuraboIs 
A C B (232), whose ordinate at centre (C D) » — . At B, the fixed end 

of the ginler, erect B E » M. » -3-. Join A to E. Then the yertical 

o 

distanoes between A EandACB will give the momenta of rapture. Where AB 
interaecte A C B, there is the point ojf contrary Jlexua-e (»3). 

30. Beam eontlitHOiu tor two or more Rlcbtlj Proportioned * 
Spans, salUeet to a Stationary lAad, Vniformlj Distrlbnted over 
its entlro I.enirtli (l»0). 

AU tuck cotes may he regarded at eombtnatwnt of some of ihe cases 
previously given (24—29). For if, in any of the latter, the beam, instead 
of being fixed at one or both ends, be continued over a support where 
originally fixed, and subjected to the action of a load, which shall produce 
at the point of support a moment equal to that produced there by the 
first load when the beam was fixed at that support^ then the moments in 
the original length of the beam will remain as they were, and will not be 
affected by the substitution of the continuation for the fixing. 

Piff. 23. 




Let AF be a beam continuous over a number of equidistant piers, 
B, C, &c 

If the beam be of uniform strength (165), the outer spans (A B and 
E F) should be J the length of the others. If of uniform section, the outer 
spans should be *789 the length of the others. (See 113 A.) 

The end spans may Be regarded as identical with (28) or (22), and the 
remaining spans with (24, 25, or 26), so that the moments of rupture may 
be obtained from the formulss or diagrams there given. 

31. Contlnnoos Beams, not of Uniform Section, snliject to Taryimr 
loads* 

It would, perhaps, be impossible to give mathematically accurate formulsB for 
the moments of rapture in continuons beams, with moving loads, that would be- 
worth anything for practical application. A well-known author f has even pro- 
nounced the case "too complicated for investigation." 

The following approximations, however, may be relied on for safely vnOumt 
€xtravagane€, 

32. Beam of VnlTorm Strenfftb (165) for the Blaxlmnm Strains* 



* By rightly proportioned is meant, proportioned so that if the beam were 
fixed on any one of the piers instead of contmnous over it, the momenta produced 
there by the two adjacent loaded spans would be equal. Then if this eondiUon 
be obterved Uie case will include beams not uniformly loaded throughout. 

t J. H. Latham, Esq., M.A.—" /ron Bridges.** 



CMUBBaB* «*cr •■« Pier. (orMlBC tw* Eqaal S««uu. *bI>J*cI ta « 
Fixed load VmltormMj I>liMrllmt«4, aad •!*• t« • HvvIm 1«M (SI). 
(3e« USA.) 

I^ ffrtaltll momtiU Oftr i)ie pier will b« produced when both tgKa Kta 
foUj liMid«d. Each apon will then nearl; correspond to («•). 

7jI< ^<ar«it poiilict (4) momtnl will obtain in the span fallj loaded, 
when (£« other gptin betn 011I7 the fixed load. 
Ijet w s fiied load per unite of length. 

«/— Tu;iDg „ ,, 

and let X be klirtje nteworeJ &om aa abntment, and mil front lAe 
pier. Then, 

« (u + w') (E — x) (2 u + uO 2 1 
Abxm. poriJiie (1) momeni, M« = „ — tt . 

(w -I- u'} 1= 
Maun, negative (4) moment oror pier (C) = — » — • 

M«.mB.«om.f".-|(" + «')»'-3«),« llb,g,«t«t« 
at My other/ j ) b* t4k«n. 

An; pDeiUveTalne of the last two, and anr negatire lalne of the Erst of 
these four eqaatione, miut of cootse be dieregaided. 
M. = M. =. 0. 

Bj making Mi = in tie first and last equatione, and then finding the 
Talne of x, the liinita of deriatioQ of the points of conlrar; fieiare {S3) 
maj be obtained.* 



DiUBlv.— Let A C B be the beam (S,~<). On A C draw tbe paraboIaADC 
>3«}, whose ordinate at centre D E = (10 + w') - ; and on C fi draw the 
parabcJft P B («M), *hose ordinate at centre P G = -5-. At lie centre 

• If(^) be not greater than ^ ^'^^^"'"^ .tbe beam iriUreqgire holding 
doirn lo the abntmenla. 
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■ (w + to') P 
pier erect C H = ^ , and, measuring from C, make C K = 

(2 to + «/) Z« 

j2 • J^"^ H to A, and K to A and B. ThenfheTertioaldistaasces 

between theparaboHc arc A D L and A L wiUeive the TnaTimnTn positive (4) 
znomentB. Ttie vertical distances between N H and the arc N LC, or those be- 
tween K M and G F M» whichever be the greater, will give the maadmom n^^ve (4) 
moments. The pmnts of contrary flexure (23) will approach as near the 
centre pier as L, and recede from it as far as M. (See foot note, p. 18.) 

Non.— The various values, &c., given above, apply equally to both the spans. 
The diagram above is drawn to scale, on the supposition Oiat the roHing load 
18 } the intensity of the fixed load. 

33* BeAm of Uniform Strenstb (165) for the Blaxlaram StnUas, 
eoMttnuons over (wo or more PlerB» sabject to a Fixed I^iad Vnl- 
formljr Dlstrllmted, and also to a llovlncr load (52). (See 113 A.) 

The maximum moment over any pier will obtain, when only the two 
adjacent spans, and every alternate span from them, are simultaneonsly 
loiided with the greatest load, the remainiog spans sustaining only the 
fixed load. 

The maximum moment at the centre of any span will obtain when it and 
the alternate spans from it are fully loaded, the remaining spans sustaining 
only the fixed load. 

Let w = the fixed or dead load per unit of length. 
«/ = the moving or live ,, ,, 

V ss either outer span. 
I = any other span.* 

Then, the maximum negative (4) moment over any pier, B or C, 

P /2w to'\ 

Mb = Mc = ~3^— +2-;. 

Maximum negative (4) moment between any^ two piers (ie., in any 
inner span, Q, 

X (W + to') P /2 w y/\ 

M, = —2 (J - a) - -g- (— + Y> 

(pontive values of which must be disregarded). 

Maximum positvve (4) moments between any two piers (t.€., in any iunevf 
span, I), 

(to + to;) 3toP 

M, = 2 — (2 - a) « — -32~» 

(negative values of which must be disregarded)^ 
For either outer span, the maximum negative moments, 
,_ a5(to + to')^, ^ xP /2«o to'v 
M* - — 2 — (^ - ^) ^ TT I T + TJ* 

(positive values of which must be disregarded). 

there be but three spauB, a modification of the values hereafter given will 
sessary, which see. 



The mimimnir' porittoe mMucota, 

X bedng msoinred from tbe abutmenl. 

IE any of tbe foregoiDg eipreBdom for M, be made equal to 0, the value 
at X obtained from Uiem will gire the ^tiooi of the ptunts of conlraiy 
team (»S).' 

lion.—lft]u beam be eontmmiu for thTteipani mils, t, asaeoeffioient 

iDthe„pn»»ion^(— + -g), or in -^ [ — +-^} n.=rt have a .alue 

i + I' 
glTen to U - -^— 



DuflKiK.— LetABC |S, 6) be part of the beam. On BC ^™*,*^* 

paraboU B D C (i3%), wlioae ordmale at centre (D E] = - — g 

Oa A B draw the parabola A F B [ SM ), whose ordinate at eentte 
(p (J) ^ '"* •*• '°!'-^'.'- At B anil C erect B H and C Jt tespectiTely, 
eioh = 5 ( — + — ). Join A to H and H to J. MeaBoriiHt from Bind 
C, make BK and CL, each = ^~-. Join i to K and K to L. 

The nrtical disttnoea between AtO P end AP bIto to mioimnin portU-re 
momento for either oolerepaoi and OjoMbetwsan "NDK'Ki.and M» give 
those tor any jjjner apan. The voriioal dWmcea between O H and O P B mve 
tliB mBTimum ncRativB momenlB tot Ihe oolet spajiej and those between mh 
aod B M N, or between N' i and N' U, C, ([ive Ibe niammnm negali'fe momeola 

The points and P, and M and N or M, and H', show the limita of 
deriation of the point) of eorUrary jlcr 
' the roUing loHd is 

<k(!1£!) be not grealet Itoan / » (" + "^^ ? ^, g^ feam wOl regPire holdii 
^TsS-T^^W^^Ten above (for tbe value of ( in the tommla) mmit be 
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33 A. NoTS. — The moment of rupture at any pointy produced by seyeral 
loads acting simultaneously on a beam, jb equal to the sum of the moments 
produokl by the sereral loads acting aeparately. 



SHEARING FORCES (!> 

34. Abbreviations : — 

Let P and F » the reactions on the supports due to the total load 

on the beam between those supports. 

S Hx = the shearing force at any point x, 

w — distributed load per unit of length (61). 

W = total load concentrated at any point (61). 

X = distance from left*hand support to the section at 
which S H is required, 

I = length of span. 

Other abbreyiations will be explained where they 
occur. 

35. In the Diagrams, the ordinates (the vertical distances from the 
horizontal or other lines) to the curves, &c., as shown thereon,, correspond 
to the values of the formulae accompanying them. If the diagram be dirawn 
to scale in the manner as directed, the shearing forces may be obtained by 
dirtct measurement See also (6). 

36* General Rule for determinliis tbe Sheariiis Force at amjr 
part of a Beam and under any Dlfttribntion of Koad. 

Let it be required to find the shearing force at any point (C) of a beam. 

■p^^ 26. ^^ ^' "^ ^^^ ^^^ between A and 0. 

W"= „ BandC. 

Then, SHatC = 

SH, = P-W, or = F- W";— 

the greater of the two values to be 
taken. 

At the supports, W or W" = ; so that the shearing forces there are 
always equal to P or P'. The above values hold good for semi-beams. 



37. Semi-beam Fixed at One End, tree at the Otber, and loaded 

in any Manner (8)« 




Pig. 27. 




The shearing force at any point P is equal to 
all the load between that point and the unsup- 
ported extremity. 



SS. 8«Bl.bcSH ^sed at One End nlr. and anlCnailr Ea«dB4 lU 
entire leBstb (9). 

8 H< ^ «> (I - 2). SB. = 10 ;. ^^h|h^^M 

DuaKAa. — Let AB b« Ui« beam (ss). At ^^^^B^^^^^l 

A erect A.G -vil. Join to B. Then Uia ^H^H^^^^H 

vertical dliUncw between AB andOB willgiTeths ^H^^B^B^^^H 

shearing fbicee. ^^^^^^^^^^^Hf^B 

39. BesB Fixed s( Oae End itnlr, bmded uiUVrniljr lu entli« 
lABCtk, Mid alM iTlIli n Concentrated 
Welskt M Iti fi«e Extrenltr (II)- ^^' 

S H. = W + « (I~i). S H. = W + w i. 

DuQUV. - Let A B be the beam (3S). Haka 
A G — ID ^ JoiD C to B (u ia 38). Make 
A D and B E = W. Joia D to B. inen Hie 

vertical diMaac«e batweea C B and D S irlll giTa Iha 
Bhaarins fOTGee. 



DliOttiK, —In Pig. 30, the ehesiinB (Orcee (SB) tor this caae are Bjran bj the 



^ 5 Hi , conataut between A and W. 
= S B. , eoDstant between B and W. 



DuaiiK. — In Pig. 30, Iha ahearing (Oroae (86) (be tbia ease are (riten ^ 

Uie rartioal diatance* between AB and HFQ S, W being suppoaed at Q, 

AB=;Vj. BB=W^... (*3.) 

Bolb Endi, win a CoMcentrated lAad 



' . ''The greater of thwe two Tftlnet to be taken. 
Or, , = w 5-^ j 

S H» = a H, = W. 
fiuoua.— In Fig. 30, tba TerUeab AB miiB V at either sztiemily of 




trhttle BeuB ivllb m 
1 load. 
AbtBthebtain. AEandBFftre 

I equal to W. 
When W ii ia ae centra of the beam 
(E), the Bhsuing fbrea for the whols 
leDgtli of the beam equals — = the 
Tert[cal dlataitoe between C D and 
AB. 
When W is at any other point (Q), 
the ihearing fbrou in the two aegments, K P. Q 8, are inversely as the 
lengths of ths e^ments. The vertical iliatanees betweea A B and B P Q S, 
give those shearing fiiroea. 

When W rolls from end to end of the beam, t!ie ehearing forces are as 
the Terticsl distanees betveen A B and B K P. The points F and Q wilt 
otwafs be pmnts in oiUier B B or A P. 

M. Ktmm SapvoMed at B*tk Eads, awl loaded ■aintnaly lU 
eattrc I«aatta (IS). 

gig- 31- B H. = S e. = P = B' = -r-. 



-a-)- 



Ij The sign of tiie reantt to be dieregarded. 
At mid-Bpan, S H = 0. 
DiAORAH. — Iiet ABbe tie beBni(3S). At A and 3 erect A CandBD, 
each equal to -g". Join and D to the mid'Spon, £. Then the vertical 
djilanoes betneon A B ana C E D wU] give the shearing tbrces. 

4S. Beam Snpparicd b( Both Ends, lahject to a Dlelrllnicd 



^g.si. (gp). 




The greatest shearing &r09 vill b« 
developed at the point of jonction of the 
loaded and unloaded segmsnta; in vhieh 
case let a also represent the length of the 
load. Then, 

The greater of the two values to be 
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DiAOiuif. — Let A B be the beam (35). At A and B erect A C and B J> 

w I 
respectiYely, each equal to -v* Draw the semi-parabola, C E B (232), whose 

Vfl 

vertez is at B, and ordinate B D = -h". Draw the semi-parabola A E D 

corresponding exactly to C E B. Then, as the load advances from either 
pier (say A), the shearing force developed at the junction of the loaded 
with the unloaded apex will be represented by the Tertical distances be- 
tween A B and ABB. When the load covers the whole span, the shearing 
forces will be as in (44). 

As the load is liable to advance from the pier B as well as from A, the 
TnaTcimnm shearing forces for all positions of the load will be given by the vertical 
distances fh>m A B to G E D. 

46. General Formvlie for Determlnliis the Reaction of tbe 
Aopports, and tbe Sbeiurlnv Forces In the case of Contlnaons 
Reams and Beams whose Kxtremltles are Fixed, or snhfect to 
tlie Action of known Moments of Rapture (27). 

Let A B be a beam, subject to the action of the moments Ma , Mb , and 
let the beam be uniformly loaded. 

The notations as before. 

v,l M.-M. '^•*'- 

f = T + — I 

Wl Mb — Ma 

The shearing force at any point distant x from either pier, is found by 
subtracting {w x) from the re-action of that pier produced by the load between 
A and B. 

The values of P, F' are the pressures on the piers produced by the load 
between A and B only. Should there be a load on the beam continued 
beyond these points, the pressures similarly found must of course be added 
to those above for liie total pressures on the piers (162). 

47. Beam Fixed at Both Extremities^ and loaded nnlformljr 

(95, 96). 

SHa«SHb = ^- SH, = fc;(i :_«.). 

Exactly the same as for (44). 
DiAQKAV. — The same as in (44), which see. 

48. Beam of Tnlform Strenarth (105), supported at One End, 

and Fixed horlaontaily at the other, uniformly loaded Its entire 

liensth (99). 

vol 
At the unfixed end, S Ha = -q-* 

At the fixed end, S H. » — o~' 

c 2 




S Hi = w [ ^ —x),x being meunrod &om the onfiied end. The irign 
of the lUnlt ta b« diir^rded. 

CuoiUH.— Let A B (Bg. S4) be tiie bum (3S). Atthe onGiedend (A) 
erect A C = '^, uid at the Bied end (B) erect B D = 2 (A C). Join C 
VomA, 



"e-'*- BBlhiKlr loaded lU endre IxHstb 

At tie unfixed end, 3 H^ •- —; — 

At the fixed end, 8 H, = -5— 

/SI \ 

8 H, = w l-r — xj, X being meunred trom the onfiied end; ud tli« 

ugn of the reault being disregarded. 

DiAOKAii. — Let A B be the beam (3S). At the unfixed end (A) 
erect A C = —^, »nd at the fiied end (B) erect B D" — —5—. Join C* 
■nd D* to K, distant g I from A, or mid-vaj between A and the point of 
oontraiy fleinn, /' (>3). TbenUie vertical dlnancsB between ABandCK*!)^ 
will live the >baiiiDg forcea. 

The length Lf it identical vith kf (fig. 21), and /' B viUh f B 
(fig- 21). 



(»). 



(■Meet lo a FlK<4 loud amU»tm\r 
IMMrlltnted, and •■» to a M«Ti>c 

d(at). (See iiai.) 

The maiimum Bheaiing fonie ai either 
abvlmait will obtain when its Bpau only 
BUBtains the moving load. 

The maximnm ebearing force at (Ac 
re ]»»■ will obtun wh«n both ipaiu aie fnlly loaded. 
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*rhe total mazunnm pressare on the centre pier, when both gpans are 
folly loaded, will be twice the aboye maximnm shearing force at the pier. 

Let «/ = the moTing load per unit of length, the other notations as before. 
The following are the maximum yaluee* : — 

At either abutment, S H^ = t-- (4 to + 5 lO'), or 

2 I 
At the centre pier, S He = -^{w + vf), or 



3 



At any other point (x), 



I 

S H, =s j2 (4 w + 6«') - a? (tff + to'), 



The greatest yalue to be 
taken ;f a; to be mea- 
sured from the abut- 
ment) and the sign of 
I I the result to be disre- 



Or, =^--_a:j(to + to'), 

Or, = — (4 tt> — to*) — toa;. t ( garded. 



As the load may be supposed to advance from either abutment right 
across the beam, an addition must he made to the above values for S Hs t 

v/l 
b^g equal to -^ when x is about equal to } Z, and gradually diminishing 

as X gets more or less than -. (See the dotted curve in the diagram.) 

3 

DiAOKAit. — Let A C (fig. 35) be one span of the beam (35). At the 

abutment A erect ADa'r;(4to4- 5 te'), llake A B = ~ (10 + to ). 

12 o 

At C erect C F = twice A E. Join B and F to M, distant J I from A. 

Through D draw D N parallel to B M. Sketch in a curve similar to that 

(dotted) in the figure, making an additional depth to the ordinates, at the 

point of minimum shearing force, of W ^. t Then the vertical distances be- 
tween AG and D ST7 may be considered to give the mftTlTniiTn shearing force 
for either span. 



52« Bean of Tntfonn Strenstla (165) for the Maximnm Strain; 
Contlnnons over two or more Plem, snbject to a Fixed Iioaik 
nnlfbrmly Dlstrlbnted, and also to a Movlns Eoad (33). (See 
USA.) 



* Approximate values corresponding with the moments of mptoreSt. (See 31.) 
t The last of the three valaea is t^ shearing force in one span, when tJhe other 
only is ftdlv loaded, the addition howevor made for the load being a moving one 
will entirely cover it. 

t An exact expression for the value of the shearing forces developed by a load 
gradually advancing across a oontdnnoas beam of (about) uniform strength, would, 
even if it could be obtained, be most complicated. The process here sugp^ested, 
however, though necessarily only approxmiate, may be regarded as practically 
Mfo. 



The maximum abearing force at any pier (B oT C) irill obtan aimnUa- 
neiHulj with the maximum moment of raptore orar that piei (33). 
For mj inner span, 

8E..SH.-i(|t?f'). 

"■ = '(-"-¥)-<—>■ 
z baing measOred from t!ie nearer pier. 
Per either onter spaa— 
At eitlier abutment, 

At the per. 

At anj other point, I 






The greater of these ts- , 

laei to be taken, and 

' be measDied &om 



bj —^ and —t" respeoliTolj ; and this addition, gradoallr diminished, 
rauet be made for some distance on eWier tidt at tiiose points (see foot 
note (S, p. 21) as ehown in the diagram belov. 

If tilt htam he continiuaiti for thne tpam vely, tlio aboTe formnln 
must be modified as directed on the next page. 
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coinddd with B D. At A erect A L = i D B. Join D and L to M, 
distant J r from A. Make A = ^' (w + k/) - 5r^^ DrawONparal- 
lel to L H. At T and E sketcli in cnrves,* similar to those in the figure, 
giving additional depths to the ordinates there of -r- and — respec- 

iirely. Then the vertical distanoes between O T D and A B may be considered 
to jRiTO the maximnm shearing forces for either outer span, and those between 
Q Y H and B for the remaining spans. 

If ihe hecun he eontiniKms for three spans OfUp, the value given in the 
foimulffi for S Ha and S He , and in the diagram for BG and C H, must be 

altered to ^^ r^ + T^A-m- + -^h sad further, the value given 

to S H« for the inner span must be altered to = S H, — a; (^ + ^)» 
in which latter expression S Hb must have the value just assigned to 
.. . / + r 



• See foot note ($), n. ^1. 



FLANGED OmDEOS, AKCHBS, AND SUSPENSION BSIDGBS. 

5S. In tb« DHi«a af a brM««, girder, oi otbei Bunilu trtni«tut«, 
certain partt of wMcli are mpposed to ledst certain itraim, ' (b« mioiu 
proceBsea ore followed oat in a progreiBiTe order. Whim Ifae dittA do Dot 
ertend bejond the smoont and nature of the load, and the iridth, Ik., ef 
the obstacle it> be oroned, the proeeasea Till be as fbllova : — 
I. Heternunation of Iht Jcinct of bridge or girder (M). 
II. Dderminaium of iht general erou ttctvm, ai\d maior jmporttoiu 
of the itrvetm-e (5S— S»). Thtse enable— 
in. Art outline iketeh lo be dravn (SS). 

IV. ApproximateeaimatvmofthtKeiglaofthetlrv<iart[*^M). 
T. Calcidation of tkt iti-aim en the ronoua partt (•« — l«I) (vhich 
etraini muet be figured on to the ontline ^elcb), at s« many polnta 
as Till be (bnnd neceaaar; for the accurate — 
VI. Delermimuion of the amounl of moierial to rttat the tirami on 
the Tarions parte (ie3— 113). 
Til. iJtilrtSirftim of Ike maleruU in the varvna port* into a form of 
croM lecli/m beit miitd to retiit the kindi of rimin breu^hi upon 
them {1 14 — IM), hafing regard to — 



(Embodjing piocessea, I, II, III, aboTC.) 

operation (I, S3), that of determiniag the kind of bridge 
be left entiiel; to the diicreUon of the designer ; at least 
lud dawn for hli guidance : the gereral conditions Thich 
the decision, anch as nature of site, obsladee to be crossed, 
traction, Sx., being infinitely diversified. 



tTegBriina Mrticnlar memben 01 
tJDB for whl(^ tLay an adapted, a 
loelTed. (Bee « and IM.) 
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upon tli« qaesiions of the rdatLve adTantage and economy of the many 
qrstemB which have been adopted and saggested. 

OBHIRAL PBOPOKTIOVS. 

M. The central depth of straight independent girders may be made 
from ^ to ^ of the span. The greatest economy of material is perhaps 
obtainiM at ^. 

For eontinuons girders, or girders fixed at the ends, the depth may Taiy 
from ^ to ^ of the span. 

57. Where convenient it is in most cases advisable that girders with 
fixed loads and with obliqne or cnrved flanges or booms, should have their 
depths varying as the moments of rupture (1), that is, as the ordinates in 
the diagrams (5) given for several cases (7 — 33) of loading, &o. (76). 

It follows from the above, that bow-string girders, u^ches, suspension 
chains with stationary uniformly distributed loads, should (the latter wiU 
nearly) have the form of a parabola (939). 

58. Diagonal bracing will, as a rule, be most economically disposed at 
an angle of 45* with a verti(»L 

59« The design having, as supposed, advanced thus far, it is advisable 
that a skeleton elevation of the bridge or girder be drawn to a moderately 
large scale, that the strains on the various parts about to be calculated 
may be figured thereon. 



SECTION n. 

Caloulation of thb Strains on thb Various Parts. 
(Embodying Processes IV, V, p. 24.) 

•0« Approximate Estimation of (he WelffUt of the Stmctnre. 

1st. If no other source of information be at hand* (MA), assume a pro- 
bable weight from the data of experience. 

2nd. Calculate a few sectioDS by the formulas, &c., given hereafter, on 
the supposition that the bridge or girder is loaded with the jast-assumed 
weight uniformly distributed, and the maximum extraneous load that is to 
be brought upon it. 

3rd. 2Xake a second approximation of the weight from the few sections 
just calculated ; allow a percentage for contingencies (which may vary 
from 6 to 25), and if the total be at all near the first estimate, it will 
generally be sufficiently correct to stand for the weight of the structure in 
the final calculation of the strains, &c. 



* See B. Baker's diagrams and tables giving weights of girders up to 200 tbet 
apan. 
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WA, AmprozlHuite Welsbto of WrovdiMrom Girder lUUlwaj 





Single Line of Way. 


?01 


* 30 feet spans 5 cwt. per foot ryn. 


tt 


60 ,, 6 „ „ 


r» 


100 „ 9 „ „ 


91 


160 „ 12 „ „ 


»9 


200 „ 15 „ 



•1* TKe weight of the beam, girder, due,, must always he introduced 
into the ealevXaHon for ihe etroAM. It may generally be considered as a 
uniformly distributed (of course stationary) load. Where the load is 
stationary, and also uniformly distributed, (viz., cases •, 19, 95 — 30, and 
38, 44, 47 — M), the unit of weight of the girder may be combined with 
that of the load proper. But in nearly all other cases it will be necessary 
to regard them separately. 



Flahoed Gibdebs, with Thiv Covtinuovs Wbb8. 

Fig. 36a. 




•S« Dlstlnet Fuietlons of the Flanses and tbe Well. In pages 
25 to 29 inclusiye, the web is considered to take no iMirt in resisting 
the horizontal strains (1), the whole of which will be pronded for in the 
flanges. 

Though this is not theoretically correct, the error is practically so small as to 
be disr^;arded with safety. 

Neither are horizontal flanges considered to take i)art in resisting the 
the shearing forces (l), the whole of which will be provided for in web 
(64, 80, 101). 

Strains in Flanges Generally, 

63. Flanges or parts of flanges, perpendicular to the action of the load 
on a girder, have to resist only the bending efifect of the load, which 
depends on the moment of rupture (l). 

•4, When, however, a flange or part of a flange is not as jnst supposed, 
it suffers an additional strain, which is part or all (as the case may be) of 
the shearing force (1), the amount of additional stiain depending on the 
inclination of the flange (75). 

Thus in ordinary practical cases, where the action of the load is vertical, the 
strain on the flange increases the more it wanders firom the horizontal position. 
The extra strain it suffers, however, modifies proportionally the strain on tiie 
^eb (80, 81). 
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•5. Nature of the strains. At any vertical section of a girder, the 
strains in the two flanges are of different kinds (4) : — 

1. When the action of the load tends* to make the beam convex on 
its lower snirface, then — 

the upper flange is in compression (168) ; and 
the lower flange is in tension (167). 

2. When the action of the load tends* to make the beam convex on 
its upper surface, then — 

the upper flange is in tension, and 
the lower flange is in compression. 

Straina in the Web OeneraUy, 

6e* The strains borne by the web are the shearing forces (l, 34), due to 
the trausmission of the yertical pressure of the load to the points of sup- 
port. Their amount (and sometimes manner of action) are greatly modified 
by the longitudinal form of the adjoining flanges (64, 80). 



GIBDERS WITH PARALLEL STRAIGHT VLANQBS. 

FlaTiges* 

•7. To And the Amomit of Strain on either Fiance at auy 

vertical section (68), — ^DlTlde the Moment of Rapture, as found from 
the formulas or diagrams, pp. 2 to 15, by the depth of the slrder, t. e, 

by the distance between the centres of gravity of the sections of the two 
flanges. 

68. At any yertical section, the strains on the two flanges are equal in 
amount, but opposite in their nature (65). 

69* The strains in the flanges will vary throughout as the moments of 
rupture (i, 9), and therefore as the ordinates in the diagrams (5). 

70. Bt Diagram. — If the ordinate, in the diagram for the case (5), at 
any point of the girder, be made to represent on a scale of parts the 
strain on the flanges at that point, the strain at any other point may be 
meamred off from the diagram, 

71. The strains are either direct tension (167), or direct compres- 
sion (168). 



* The action of the load on a girder supported at both ends, and having its 
lower surfiioe concave (see Plate I») will lessen the concavity, and so tend to cause 
convexity. 



BAUmunom or mtiiia. 



"(1. 

T3> If the girder have more webs this one,* the Btniui as found by (T*) 
miut be dirided bj the nmnber of irebi for the ttrain in eacb. 
14, Tbe nature of the itimin in the web ia a B]ie«riiig (proper) (lit). 



IS. T* Sad Ihe Aaianat of Btnla sn eltber FliuBe a( anj point, 
— Dividt the tnonnniC of rupture (formnlA and diagrame, pp. 2 to IG) by 
the depth of At girdtr, the vertical diatanee between the centres of gniTity 
of the seetioni of the two Sangei, and ntu&iply the quotient bs the ncatit 
(l«e) of the angle wkkh theJ^Mge, or a taa^ent toil at tJu point, makes 
toiih a htrritontal.f 

!<• If the deptk of Ihe girder vary Ihroughovl ai Ihe nomeiUi of 
rupture (l, ST), i.t,, as the ordinatea ihown in tlie diagrams for those 
momenta (S), then 

(a), the ttraint in ihefianget viU vary at the $eeantt (see 11, Ita) of 
the aiagltt of inelmaivm to the horixon. So that 

{i), if the Urain at a horitimial partt be known, the ttrain at any 
othtT part may be found by imtU^yi'og the former by the teeant (see 1 1. 
liaj ^the angle of inelinati^M ofoU iiUvr. 

otan angle there 
ed a Eeometrirol pmoess. Let 
. onnea Sange. Let the viilae of 
S\ be repiesentsd to scele by the 




eilliet direct compression (IM), or 



t This la but ■ cloee approiimailan to the Irnlli. See also fbot-nots (tX P' 
t Whloli will genersll? be at ibe oenBe of whole girdeie. 



If at tie TfiTtical Beetion t!ie flange in eampreiHion {as, TS) be inclined 
down I gj^ 5 , or the flange in tenson be inclined down j "™ j , the 
neareal point ot sopport, j ^. f the rertioal oomponent of tho Btrain 
in that flange | ^"^ I the aheaiing ferae. The «ign of the reaulb need not 
here be regaided. 

If S = strain in flange, 

$ a angle which the flaoge oi a tangent to it makea with > 
horizeatal tme, ai D B P (fig. 37) ; then, 
8 X Sin S = the " Teitical component referred to aboTe." 



SI. BrCsuinuiieB,— DntwaTeFtiesIAB=diear- PiK.SS. 

ing force. If the fluige in lejitirm, (SS, TS) he inclined 
down frani, or the fluige in compmavM be inclined 
down to the nearest point of Bnppart (we will Buppoae 
the bitter caae),^]>raw CD representing bolJi in dh«o- 
tion and smonnt the ctrain in that flange, as that a 
hoiiiontal drawn throngh D shall cat A. Then CA. 
will be the Tertical camponent of the atnin in C D. 

Again, if the flange id etmprettvm be inclined down 
/rom, 01 (he flange in Itnnon be inclined down fo the 
neareit point of enpport (we will anppose tlie latter ease), — Let it be re- 
presented b; £P. Obtain ite rertical component BB, which sbonld be 
added to A B, in the sane waj that A C was subtracted from it. Then 
C E will be tlie total resnlting strain on the web. Should the ainannt ta 
be anbtcaeted exceed the sum of the original and that added to i(^ the 
!e moat still be taken. 



SIA. TheatiuntahenmnstbethatobtainingwhentheBhearinfrforcebeing 
ODnsidered la aereloped. Foe inatsnoe, with a load gndnall; advaiirmK aoroes 
a beam mpponed at both enda, the maxinmm Btiearing force will be devuloped at 
Iba oenlte, when Uie load covers only half the span (Wh at which time the momsnC 
orniptare,&oin which the flange sb'aln la found, will be that given brfMf), and 
not ^ (tv), which latter wDold be naed when maldng the ^enlatlen ott the 
fiaoges. 

le etrain as fonnd by (SO or 



S3. KoTB. It will obiionalj foUaw, from the above rules, that i 
girders with cnrred or ohliqoe flanges, the maiimum strain in the web doc 
net necessarily occnr when tike niniitiiiiiTi shearing strun is prodneed. 



* Themles,^., given here are net advanced as inaUieniBtically accorate, aa 



QiRSEKs WITS Webs or Ofeu Bbiciho. 



Soonu. 

M. At anj Tfittical section of a girder Ute strains in the tiro iMoml are 
opposite in kind. (See U, which also applies here.) 

U. When the ejrder is loaded at the joints (ST), the stnin in an; bay 
oE either hoom is constant tbronghoat its length, imd aeU onl; in the 
direction of its length. 

50. A ba; cannot be in direct oompiesuon and tension ri mnltanconsl; 
(SI). 

51, Whtnever the l<iad or pari of the load upon a girder U titiiaied 
ieiviem the tvm exiremitiei of any hay, that bay must be considered as & 
loaded beam, and Uie stniiis in it calculated and provided for aocord- 
ingly. 

SS.. The stiun on any brace is constant thronghont its length, and tuts 
only in the direction of its leagtli. 

SS. A brac« cannot snfier compresaion and ten^oa BimnlUnMnsIj. 

M. If tvo or more struna, not all of the Eame kind, lie acting upon a 
brace at the aame time, the total actnal Btrain in the biace will be equal 
to the algebnucal anm of those itrains.* 

91. Tkc Natue of the BtnOiis in the diagonal braces of girders 
symmetrioally loaded wilt be — 

(a) in all bars inclined down (o the nearest snpport — comjiresnan (MS). 

(t) in all bars inclined down from the nearest support — Uvrnm (MT). 

>e. If the giriler be not symmetrically loaded, some of the bars will be 
subject to strains of a natore contrary to that stated in (91). 

03. c*DBl«T Btnttu, — With a moving load, some of the bars will b« 
enbject to etmns both of compression and tension, depending on th« 
poBiUon of the load and the proportion it bears to the weight of '&ia girder. 
The strain not according wiUi (SI) is known as the " comtfer ifratn." 

Note, (sx) and (93) do not apply to semi-beams or cantilcTcrs. 

* Eqnaltolbe diSbrence between the Eom or Ihe taniilg and the sum of the 
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94m If the load be brongbt only upon one boom,* any two ban forming 
an ai>ez on the unloaded boom may be termed a **pair i**^ if these make 
equal angles with the boom they are equally strained. 

95* If both booms be loaded, then — 

(a) in a warren (zig-zag or single triangle) girder there will be no 
«« pairs.*' t 

(6) in a straight lattice t girder, if the load be equally divided between 
the two booms, bars intersecting at the mid-depth of the girder, and 
making equal angles with the booms, may be termed a '*pair,*' and are 
equally strained. 

CALCULATION BT MEANS OF THE MOMENTS OF RUPTURE (pp. 2 to 16) 
AND THE SHEARING FORCES (pp. 16 to 23). 

96* Itoods reffulorly concentrated at the apices of the diagonalc^ 
may be considered as uniformly distributed loads (w, in 9 m «» 
and 34) when the moments of rupture (1) and shearing *^^'^' 
forces are being determined, so long as the concentrated 
load at any apex is equal to half the sum of the supposed 
uniformly distributed load on the two adjoining bays. Thus 
the weight at A (Fig. 39) must be = 2 that at B, before the load can 
be oonSdered as uniformly distributed. If the uniformly distri- 
buted load were on the bottom boom in the fig., the weights concentrated at 
G and D would be equal. 



GIBDBBS WITH PARALLEL STBAIOHT BOGUS. 

•7* NoTK. As the depth of the girder (a constant divisor in calculating 
the strains from moments) is uniform, tlie diagrams (4, 5) may be con- 
sidered to give strains instead of moments, if the vertical scale be multiplied 
by the nomber of units of length in the depth of the girder. 

Thus, suppose the diagram had been drawn to a vertical scale of six 
tons to the inch, and that the depth of the girder was two feet (the foot 
being the lineal unit used in the case), then the ordinatos in the diagram 
may be considered to give actual strains instoad of moments if they be read 
off on a scale of three tons to the inch ; three tons to the inch being a scale 
tteice as large as six tons to the inch. 

98. Note. The Depth of the Girder ia (he distance between the 
centres of gravity of the cross sections of the booms, and must always be 
expressed in the same units of measurement as the length of span (2» 34)« 

99* Warren Girder (single triangle). Isosceles Braclns, I.oaded on 
One Boom Only — for any case given under Moments of Eupture, 
pp. 2 to 15. 

Booms. §— For the strain in any bay (84 — 87) of the wilo<ided boom, — 
Divide the moment of rupture (M^in the formulaB, or the ordinate in the 



* Yerticals firom loaded bays to opposite apices may be considered to distri- 
bute the load between both the booms. 

t When two bars are said to form a ^air, it is meant that the same amount of 
the vertical presaure qftiie load U trantmttted through them both. 

X Any girder whose web consists of more than one system of triangulation is 
considered a " lattice." § See also 97. 



/^ 
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diagram, for the case 7 to 83) at tbe opposite apex, by the depth (98) of 
the girder. For any bay (84—87) of the loadtd boom, take the arithmetical 
mean (half the sum) of the strains in the two opposite bays of the unloaded 
boom. 

Web.— For the strain on any pair (94) of diagonals forming an apex on 
the unloaded boom,— Multiply the shearing force (S H« in the formul®, or 
the ordinate in the diagram, for the case 34 to 59), developed at the apex, by 
the secant of the angle which the brace makes with a vertical ; or increase 
the shearing force (as above) in the proportion of the incUned length of 
the brace to its vertical depth. For the counter strains (»3) from moving 
loads, see (100). * 

100. The Connter Stfains (»3) in girders not continuous will be given 
by the smaller value of the two shearing forces given in 4S or 45, 
or by the ordinates (35) to the lines (AK, K B. fig. 30, or A E, E B, 
fiig. 32) in the diagrams which accompany those several cases ; the values 
thus obtained being, of course, multiplied by the sect. (77. 186) of the 
angle between the brace and a vertical, and subject to indeed all the other 
stipulations made (under " Web ") for the strains normal. 

101,^ In continuous girders with moving loads the counter strains are 
indefinite, but may be supposed to act equal in intensity to the values 
aUowed for the regular strains, and for some distance on either side of the 
point of minimum shearing force * (51, 59). 

109. Warren Girder, Isosceles or scalene Bradnr, with tbe load 
bronsbt K«nally upon Botb Boomsf — for any case given under 
moments of rupture, pp. 2 to 15. 

Booms. t— For the strain in any bay (84— 87) of eUher boom,— Divide 
the moment of rupture (M«in the formula, or the ordinate in the diagram, for 
the case 7 to 33) at the opposite apex, by the depth (08) of the girder. 

Wbb. — For the strain in any brace, multiply the shearing force (SHa: 
in the formulae, or the ordinate in the diagram, for tbe case 34 to 5»), developed 
at the mid-length of the brace, by the secant (126) of the angle which the 
brace makes with a vertical ; or increase the shearing force (as above) in 
the proportion of the inclined length of the brace to its vertical depth. 

For the counter strains (93) from moving loads, see (100, 101). 

103. Girder witb One System of Vertical Stmts and Inclined 
p. ^ Ties, loaded either on the top or 

bottom, or both — for any case given 
under moments of rupture, pp. 2 to 
15. 




BooMs.t — For the strain in any 
bay (0 D for instance) of either boom 
(84 — 87), — Divide the moment of 
rupture Q^x in the formulae, or the ordinate in the diagram, for the case 7 to 



* Actually there will be counter strains for a greater length of the several spans 
in there will be necessity practically to provide for them in, as their amount 
ill always be exceedingly small near the piers compared with the other strains, 
t This IS accomplished when there are verticals at the unloaded apices. 
X See also 07. 
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33) at the opposite apex B, by the depth (98) of the girder. The strain in any 
iMty of the upper boom in a whole girder (A B, fig. 40, for instance,) will be equal 
to the strain m the bay (G D) of the lower boom on the mid-span side of the oppo-> 
site apex ; for the moment of rapture will be taken at the same point (horizon- 
tally considered) for both the bays. The bays E and F G are unnecessary for 
an'independent whole girder. 

WiB. — Struts, If the load be only on the upper boom, the compression 
oi^ any strnt will equal the shearing force (S H« in the formulsB, or the 
<M*dinate in the diagram, for the case 84 to 59), developed at the middle 
of the adjoining bay on the far abutment tide ; * if only on the lower, 
then that at the middle of the adjoining bay on the near abtUment side ; 
and if equally on the upper and timer booms, then that developed at the 
strut itself. 

Ties, For the tension on any inclined tie, — Multiply the shearing force 
(34) developed at its mid-length by the secant of the angle it makes with 
a Tortical, or increase that shearing force in the proportion of the length of 
the tie to the length of a stmt. 

Counter Strains (98 — 191). In a girder with the bracing disposed 
similar to that in the figure, a moving load, or a load covering less 
than either half of the girder would produce tension in some of the 
Terticals and compression in some of the diagonals (to estimate which see 
199). This can be obviated by introducing other ties (as H G and H F) which will 
Buffer the tension otherwise brought on the verticals. These ties would, however, 
be useless with a stationary symmetrical load. . 



194. WarreM Girder wltb scalene BvaclBS, lAaded on one Boom 

••^for any case given under moment of rupture, pp. 2 to 15. 

Booms, t— For any bay (84 — 87) in the unloaded boom (G D, fig. 41, for 
instance), — Divide the moment of rupture (lie in the formulas, or the ordi- 
nate in the diagram, for the case 7 to 38) at the opposite apex(G), by the depth 
(98) of the girder. 

The strain on any bay of the loaded boom (as E G, fig. 41) will bear the 
same relation to the strains in the opposite bays (H and G D) as its apex 
does to thdr apices horizontally considered (that is, as the point F does to 
the points E and G). Therefore^ 

EF 
StraininEG» Str. in H G + :^-^ (str. in G D — str. in H G). (See 195). 

Wbb. — For the strain in a pair (94) of braces forming an apex on the 
unloaded boom,— Multiply the shearing force (S He in the formulas, or the 
ordinate in the diagram, for the case 84 to 88), developed at the middle of the 
loaded bay included between the baxs, by the secants of the respective 
angles which they foim with a vertical ; or increase the shearing force (as 
above) in the proportion of the inclined length of the respectiye bra^s to 
their vertical depth. 

For the counter strains (93) from moving loads, see 199. 

195* Method of applying tbo Diavnuns for tlie Moments of 

to the foregoing case8.t 



* Or the " no abutment" side in a semi-beam. 
t See also 97. 



load would brmg on the Apicei in 



xonul BCaJa sa Uje akeleion elevation fS3, Ml i o. fOi^ flnTflf^ _S.^ 

the load 1. .nppoHd K. 1» uniformly diBmbui, imc toe uDoi^^Jj^ 

■*■",-' A^BOn'nllbattDBrorined^iuidlhf ^-^i^j^dSS'SltSSid 

SSf.^rB^>lM SS™ ' * "' "" """"*" *" "^t^rg™ l^an 2X 
.„ ?v ""^ *',5i1^ti? J ahesrinff forws may be taken dtrectlj ftom tin diaimun 
giTSn ooder " Web la the »ues above. uumuuwionB 

n the diagram for the moments of rnptni^ 
,, , . . , , .,, ^"""I'^ct^tltobe taken, be rtro^Ai, then 

the Htram m anj bay of oilier boom, whether laadtd or ««loadtd, maj be 
foond from the ordmate taken at tie oppout. apei, b, dividing the Tilue 
of that ordinate by the depth of the girder (nnle«s »T be complied with 
when the latter operation muElj of course, be omitted). 

lOT. UiiiHre filwlei- «Uh<nit a cmtral hay, and if of more than (wo 
PI, 11 'y'<«'«3 of IriangUi (hen viiika eompUit 

tijtltm of triaitffulation in the half 
»pan (m A B C D E P Q), 6ui my num- 
ber of intermediate tystena loaded 
■nironnljr on one boom for an eaiuU 
dletaace on elllier aide of Ibe mid 
avBB (see llO); may be applied also to 
cases of continnoua girders (3»-33). 

B001I3, — Place the digram (S,«, an for 
the moments of rapture (1) for flio caao 
aOnve (or below) the outline akeloh of the 
girder (SB) se m He. *2. 

Draw chorda and tangents (aa Bhown 
in fig.) at points (C B' G') corresponding 
with the dlTisiona made by the "primary 
IriangleB." Two polygons will thai be formed, one by (or indoding*) the 
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chords uiother by (or inclading *) tlie tongento. For (ho itrain in uj 
bs7 of tie unloaded boom take ^e ordinata to tbe nrminwcrtted poIjgoD,* 
at the centre of the ba;; and for an; bay (>» B H) of tbe bndei boom taka 
tlie 0Tdiuat« to the imcribed polygon ■ at tbe centre of tlie bay. ir Iha ordi- 
latei represent (he momenta of nptare (4, S, •!), divide this Talae t^ Uia 
dejith (M) of the girder. 

WsB.' — Divide the load per unit of length (34) bj the nnmber of ijb- 
teme of tijangles (- Uie namber of ba^e in the base of one of the primaiy trl~ 
ansleelfor a new onit of weight, w, ; thus" = », or'^^w',. Then for 
the strain on anj pair (as) of lattice ban, — HnltiplT tbe ihearing fno« 
{% H^ In the rommla^, or the ordinate in the diagram — 34, Sft, — calcnlated ctf 
conBtmcted with the new unit u, , or w', J developed at their spe:c bj tha 
secant of the angle thej make with a vertioal, or increase that shearing 
force in the pioportiiHi of the inclined length of the bar to ila lertioal 



Boom. — If tbe load be concentrated, see lU. If disMtnlsd, plaoa tha 
diagram for the momenta of rnptme (4, i) 

immedlatoly above (or below} Uie ouuine Flit. 43- 

eketch of lie glTder(l»). 

Tnu» ont the ajatem of triangnlation 
which tenninat«a fairly at the extremity 
of the gilder (tee the thick liuea in the 
fig.) To the curve of momenta (4. H) 
draw chorda and tangent* at poiuta 
(B', IV) eonraponding to tbe diTiiions 
made Iq' the trianglea jiut traced ont 
<D, B. fig. 1^). IT neeeuarr for tbe con. 
etrootion, Cte diagram may be oontiniied 
into tbe abutment. Two polygons will 
thns be formed, when, whatever be tbe 
number of gyatema of triangnlation, — 
Pot tbe atrain in any b^ (84—81) of 
(ba unloafffd boom take the ordinate, 

at the centre of that bay, to the eiraartttr&td polygon ; and for any bay 
of the loaded boom, to the imtribtd polygon. If the ordinUee repreeeat 
the momenta or rapture (4, 5, •!), divide their valoe bv the depth of the 
girder (88), 

Was.— If the load be concentrated, see (11«). If diatribated, divide 
the load per nnit of length (to) by tbe number of Byalenu of triangles 
{=UieiuiDiberorb8y8inthebBBearapriioaiytriaiiKle(«inflg.t3)foranewunit 

( -- = w,\ Then for the strain on anypwr(»5) of bracea forming 

.-ID apex on the onloaded boom, — Multiply tbe aheoring force (SE. intba 
lormalie, or tbe ordinals in tha diagram fbr the case, calc^atcd oc cooslncwd 
nith tbeN«Dunitwi— 34,SE), developed at their apex, by tbe aeeanl of tha 
-ingle which they (each) make with a vertical, or increase the sbearing 
luree (as above) in the proportion of the inclined lengtb of the biaee to it* 
vertical depth. 






•p, if vhoU, and of mart thm Itce tyittmi of Iri- | 
angln, (Am not tnihotU a eentral aptx onotuor vlhtr of t\t hoomt (ses 
flg. 11), UAdcd HBiniiKlT KBd eqwtllT m k*tk Ike B«mbi for mn 
ev<ua IHwaaM »■ cither iMs or tke Ml«.*paB, maj be applied to oon- 
tinnoiu girden (S* — 33). 



Boom.— Flkce Ibe diiKiam (4, S) of Um monunU of rapture (I) immediatelr 

above lot belcnr) Ibe oatline daub (E3, U) 

Piff- M. of ihe girder (u la tbe flg., when the laid 



above (oi belcnr) Ibe oatliae u 
-' ■■■- --•— '— ia tbe flg., - 

laagtri^of the t^er). 

Wliere the lioe to or tram irhich the or- 
dioates are taken is enrved, draw chords 
to it at pointe (K'F'G'CO correapond- 
iDg to the aereral apicei (on both boomi) 
of the ■jsWm of triangalatioa vhioh has 
an apex at the mid ipiui (G P a C in fig.) 
For the atraiD in anf ba; {M— 8T) of 
either boom, take the ordinate to the 
polj-gon,* tboa formed, at the centre of 
that bay. ir Qie ordinates lepreient the 
iDDments of rupture (4< S, >I)< diride 
their T^ne b; the depth of (he giider. 



l8i.-8infig.**)(bTaneiranitofload (- = w,Y Then for the 

atrun in ao; latUca bar, or pair i- of hara. Hultipl; the ahearing force 
(SHi in the formula, or the ordinate in the diagram for the caae — 34, SB), 
dereloped at ite or their mid-iengtEi, bj the secant of the angle it or they 
(each) make with a vertical, or increase lie shearing foroe (as aboTe) in 
the proportion of the inclioeil length of brac« to the Tertieal depth. 

IMA. If ihtre be only Two Sytttmt of Triangvlalion. Then for tbe 
■trais in any bay (M — BT) of either boom. Take the arithmetical mean 
betwe^ the momenta of raptnre at the tro ends of the bey (p and q), and 
dlTide it by the depth of the girder. 

Strain in any haj = , 

TbB aharde in tiie diagram will, bowerar, give tbe same reeolt. 



e airmen. Ir a lattice girder be 
■nbjected to the aotion of a ooncentrated load at any apei, se at D (fig. 42), 
the iyetem of (rianglei open one apex of which the load ia Bitoated 
(ABODEFG-, to.) ehaald be conmdered as conititnttDg the sole web of 
the girder— that ii, aa fkr u the concentrated load ia oooceraed, for there 
ia tiso the distributed Tighter the girder (ai). The elrunB from tbe ooa- 
oentralad load mlgfat be caloalalad Be if the rirder wen 
'-' »^'- bra<£ig dli* — ■ —'-' ■'—■—' --■-■—' — 



Jtlea tor a etaUonaiy eonoeatmed load would be an error in design, u: 
boom apoo which the load ia placed be made anffli^Dtly rigid to olBtiil 



iffl^Dtty'rigidla 



. ... .a wtjacsnt int«rmedlBCe apices, in which 

would be Tory iadefinlte. 

* ITitbeaa application of ease (11) the lines A F and QB (flg. IE) moat be oi 

dered to form iiatl of the poljgoa. 

t There will be no pairB (•S),anlna the number oT systems of triangles beer 
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GIBDBRS WITH OUBYBD OR OBLIQUB BOOMS. 

111. Any Carved or Obli«ne whole or Semi-drder with a Slnirle* 
trlansBlar Web, loaded oa One Boom.* (This will include many roof 
principals, bow-strins: girders, bent cranes, Ac.) 

BooMB. — If alternate braoes be yertical, then for the strain in any 
bay of either boom; if not, then for the strain in any bay of the «n- 
loaded boom ofUpf — Divide the moment of rapture (m« in the formols, or 
the ordinate in the diagram (4. 5). for the case 7 to 8S) at the opposite apex by 
the length of the perpendicular let fall from that apex on to the bay. For 
the strainB in the loaded bays, when all the braces are inclined, the best 
vr&j is by the diagram as follows. Place the diagram of the moments of 
rapture, immediately above (or below) the oatHne sketch (1(3, 59) of the girder. 
If the Unes in the diagram to or from which the ordinates are directed to 
be taken be curved^ draw chords at points oorresponding to the posi- 
tion of the apices in the loaded boom. Then for the strain in any bay of 
the loaded boom, divide the value of the ordinate to the just*formed 
polygon, taken at the opposite apex, by the length of a perpendicular let 
fidl from that apex on to the bay (191). (See 154.) 

WxB. — For any brace, first determine the shearing force (34), acting at 
the middle of the bay on the loaded boom, which forms part of the same 
triangle with the brace in question. Ne^ find the vertical components (30, 
81) of the strains in those bays which are opposite sides of a quadrilateral 
figure, whose diagonal is the brace in question. If either of these bays be 
part of a boom in tension, and sloped as a strut (91), or part of a boom in 
oompresrion and sloped as a tie (91), add the vertical component of ^e 
strain in it (already found) to the shearing force first obtained. Again, if 
either of the two same bays be part of a boom in compression and sloped as 
a stmt, or part of a boom in tenedon and sloped as a tie, ttibtraet its 
yertical component (already found) from the result of the last operation 
^the addition, if any). The totaJ resulting quantity must then be multi- 
l^ed by the secant of the angle the brace makes with a vertical, or 
increased in the proportion of the inclined length of the brace to the ver- 
tical distance between its ends. If the glgn •/ the reeuU he negatwe (~), 
it shews that the nature of the strain on the brace is opposite to that 
which its position would have indicated according to the general rales (91). 
If the brace he horizontal, the shearing force must be dio^garded, and the 
horizontal components of the bays substituted for their vertical components 
in the process detailed above. The strain in a horizontal bay can have 
no vertical component. 

112. Any Carved or Obli«ne whole or Seml-strder with a slnirl^ 
trlansnlar Wel», loaded eanally on Both Booms. 

Boohs. — ^For the strain in any bay of either boom, — Divide the momoL 
of rapture (M x in the formnlsB, or the ordinate in the diagram (4, 3) tot the case 
7 to 33), taken at the oppomte apex, by the length of a perpendicular let 
&11 from that apex on to the bay. (See 154.) 

Web. — As in the last case, excepting that the shearing loroe must be 
taken at the mid-length of a line joining the centres of the bays, which are 
two opposite sides of a quadrilateral whose diagonal is the brace. 

* See foot note (*), p. 31. 



■ 13. For r«BtlBBOBs Cliden. ud Olrden AxMl M the Eadi, t\:e 

toregiHng methods ma; be owd Id eoDDection Tith ewea >4 to 33 and 4S to 
Sa, proTided ibat the couditions stated Id the latter and below fllSA) are 
eomplied with. 

■I3A. Wberei«r tfaera is a negative momeat of raptore at (or Ii>r ' 
aafttf in pracUee ntar) the abatments, the ^Fder shonld be ucbored dowu 
at ita eitremitita. (S«a foot notes, pp. 13 and 15.) 



114, FlxlB* the PolBts sr lanexloB of Co>tlBBou (ll>«cn.— The 

p<unts of infleiiou (>S) ma; be practicallj fixed at anj part of a ooDtiQUOoa 
girdet subject to a moving load, b; eereiing either boom at that part; 
if the upper booiOt the parU Iham Berered miut be prevented front comioff in 
ooDtaot. The tcmcivre it Ihui raoived into a teria of indepeitdenl girden, 
tht itraiiu upon vhiA eon then be moit readUji caKidaled. 

FiK. tf. 



bapfi of Uie npper boon 
Kirden, aaoh havinic lo 

hair Oie total toad on 

independent ginler supported 



ing- flg.(4E), bjsererine (or real); removing) Iha 

Cand D.AO andDBTjeconie virmally aemi- 

nm addition loUiediBtrlbntad load npoD its Isnph, 

<p«ideda(theexlramitr(ll>3*}. C D is simpl; sn 



I of infection may he eimeidertd at fixed in thoM eon- 
iinuous girders, and girders fixed (or 
tied back) at the ends, whose depths 
vary as (or neail; aa) the moments of 
ruijtnre. The strains in these also 
ma; be «alcoIatad as if the sevetal 
iaioos were independent girders. 




TIOSBJ THS COMFOSITIOir ASD XBSOLUTIOlf OF FORCES. 



following piindples shonld be applied te the calcnlation of the 
lie Tuions members of an open prder (discontiaaoos) Ajr (lil> 
reoetion itf the luppoTii from any Ktight in Ike girier, and 
ig Ait raaetiorwy prtimrt Ikroughout the variom port*. 



OOVPOSITION AND KESOLUTION OF FORCES. 
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117* l^eaetioa of Supports. Let a and b equal the distances from the 
supportb A aod B, respectively, of the 
centre of gravity of a load (W) on a Fig. 47, 

beam. Then, 

Pressure on A «= Reaction of A = W >• 

V 

Pressure on B = Reaction of B = W y 

V 

In girders, properly so called, the sap- 
ports are sapposed to be capable of resisting vertical pressure only. Their 
reaction can then only be vertical, and this must be borne in mind.* 




If two forces (ab and « 



Fig. 48. 




118* Composition and Resolution of Forces. 

a c) acting at a given i>oint (a), be represented both 
in direction and amount by the two adjacent sides 
(a 6^ a c) of a parallelogram, an equivalent force 
will be represented in both direction and amount 
by the diagonal {a d) of that parallelogram. 

The converse of this is also true. 

119. If three forces, acting at a given point, be in 

equilibrium (balance), their direction and amount 

will correspond to the three sides of a triangle, if any two of which be 

given, the third may be found. This triangle is nothing more than abd or 
aed, fig. 48. 

139. If there be more than one concentrated load on a drder, two 

courses may be followed : 

The reactions and the strains produced by each weight separately may 
be found, and the algebraical sum (see foot note, p. SO) taken ; or. 

The reaction of tiie piers from the whole load may be worked towards 
the mid-span, the downward pressures of the several weights (when they 
are met with), being compounded with the other pressures during the 
progress. See Example {!%%). 

The first should be adopted when the load is variable — for then the 
maximum resultfng strains of either kind on any member may be found 
(136) ; the second when the load is stationary. 



EXAMPLE-*^ 
Strfliru in a Bent Girder {Roof Principal). — Plate I. 

121* CoUeulatum by ihe MomenU of Rupture (1 to 83) and Shearing Forces (Sh, 

to 58). ' 

AF E is half of a bent girder whose clear span is 80 feet. The lower boom 
consists of chords to a curve of 06 feet radius ; and the upper, chords to a curve of 
67 feet radius. The load is considered as uniformly distributed (resrarded 
horizontally) on the upper boom, and =. 8 tons = '1 ton (w) per foot of span. The 
braces are alternately vertical and inclined. (See 111.) 



♦ Where the stmcture dbitti against the support*, and those supports are 
gnpposed to be capable of resisting the lateral i»re8siire, the structure is virtually 
an arch, and the reaction of abutments jnust not be considered solely as ver- 
tical. (Seel4«.) 



40 CALOULinOH or 8TRAIH8. 

I^rains tit the Boanu. — The etnin in the upper boom ii oompressiye* 
and in the lower tensile (W). As the braces are alternately vertical and inclined 
(111), the strains in any bay of either boom will eqnal the moment of mptore (1) 
for the case (19) taken at the opposite apex, and divided by the depth of the girder 
taken as a perpendicular firom the apex on to the bay. (See Plate I.) 

llie moments of mptore (M) may be obtained either ftom the formula 

/Ms^(^— x) (9) (19)), or, from a properly oonstraoted diagram (4, 5). 

The depths (as above) must be scaled from the outline sketch (SS— 59). 

The diagram for the moments as given in 19 apply properly to the unloaded 
boom only ; while for the loaded boom, an inscribed polygon is required (111), as 
shown in Plate I. But wherever the apices on one boom are vertically under (as 
in the present instance) or over those on the other boom, it will be evident that 
the onqr ordinates required from the polygon will be those taken to its angles* 
that is, to the very points where it coincides with the parabola: so that the 
polygon is unnecessary. 

It will be seen that by drawing the lines of oonstmotion for the parabola, as 
dotted in on the Diagram, there is really no necessity to draw the actaal curve. 
(See also note to 939, HI.) 

„^ , . ^ M ic»(l— x) .Dii^jam Ordinate 
Strain many bay =—«—j-^^ rf^^^^^* 

Bp Formula. By Diagram, 
« . , . « -1 X6x76 1876 „ ^^ 

Strain in A B » 2x1'^ ~~T6" * ^^'^ **""'• 

' 1 X 1876 X 06-26 46 63 
„ B0= 2x3*9 ""3 9 —11*® tons. 



i* 



'1 X 22-25 X 67-6 64-68 
2x67 ■* 67 

•1 X 31-26 x 4876 76-17 



C^"" 23^67 « -67" =11-3 tons. 



„ i/r.- 2x6-9 

•1 X 40 X 40 
„ BP« 2x7-26 

_ 18-75* 

„ AG— j.jj^ 

18-75 • 



»* 



** 



t* 



■GH = 


2-0 


HI B 


46-53* 
* 4-6 


IJ « 


64-68* 
61 


JE » 


76-17 • 



708 



" 


6-9 


:2 11 VOO UIUB. 




80 
7-26 


= 11-084 tons. 

ss 9*8 tons. 

B 9'3tons. 

s 10*1 tons. 

= 10-6 tons. 
= 10-7 tons. 



Siraini in the Weh.^The values of the Shearing foroee (I, S4) may be 
Obtained either from the formula for the case (44) or from a diagram (3S), the 



* The momoits of rupture are the same as for the upper boom, as the afdces 
ve at the same horizontal distance from the supports, 
t This " depth" is a perpendicular, let fUl from B on to A Q produced. (See 
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Mangle A'B^CT (Plato I.) oorreaponding to ACS (fig. 81). The vertioal oompo* 
nento of the strains in the hooms must be obtained (111) either by (M) mnltiplying 
such strains by the sines of the angles of indination of the several bays (as the 
angle ii D for the bay D E, Plate !.)» or by a geometrical oonstmction, as shown 
for the bays DB and I J; for the former, D^ is the strain in the bay, and Di the 
vertaoal component. 

Strain in any brace s= | 8 H + (yert. oomp.) + (vert, oomp.) \ sec. 9, 

BtraininFKs-487 — *85 b — *413 tension.* 

„ K B « (-487 + *48 — '85) X 1*7 s *114 tension.* 
„ B J s I'S + *48 — 2-6 s — -82 tension. 

„ J D = a*S + 1'4 — 2*6) X 2 = '218 tension. 
„ BI = 2*2 + 1*4 — 4*3 s — *7 tension. 

„ 10 = (2*2 + 2-22 — 4*8) X 3'6 = *42 tension. 
», C H = 3*07 + 2*22 — 6*2 » — *83 tension. 

,t H B =: (8*07 + 8*0 — 6*2) X 9*6 = — 1*24 tension. 
„ B O as Diff. bet. vert. oomp. of A G and 6H. 
= 8*0 — 8*7 5= — '7 tension. 

Iff* Ote/cnIcUton fty4A< a>m|Mfiei<m and JZefoIntion qT -Fotvei (US— IM). 

For the date see 121. The weights (125) on the several apices of the upper 
boom must be considered as half the load on the adjacent bays, the load bemg 
horiaontally muformly distributed. Thus at B will be (2*6 -f 4*376) x *1 tons 
s= *687 tons ; and on each of the remaining apices on the upper boom 8*75 x '1 
= *876 tons. The sum of all these weights on the girder will be 7*6 tons, the other 
*6 ton being supported directly l^ the two piers (*26 ton on each, being half the 
load on the outer bay). The reaction (117) of either pier ftom the total load on 

7*6 
the girder will be y* * 3*76, and this must be worked up to the centre by the 

application of(118 or 119). 

At pier A (Plate I.) draw a perpendicular (A 6) as the reaction of A as above. 
Produce AB to ayand through h draw b a parallel to A G. A ( a is the triangle 
of forces at A. Then (119) ( a is the tension in A G ; and A a the oompree- 
sion in A B. llurough a dnw a e parallel to G H ; then o e b is the triangle of 
forces at G; c a is the tension in G H, andefr that in G B. AtB there are acting 
the oompTMsion in A B. the tension in G B, and the vertical pressure of the 
weight (*687 tons) at B, all of which are held in equilibrium Irv^ B (7 and B H. Let 
A d =s the sum of the tension (c b) in G B and the weight at B. Join d to a ; and 
d a is the resultant of the three forces just named. To avoid conftision, repeat d a 
atad'. Through d* draw d' e putdlel toGB; and through a, a c parallel to B H. 
Then e d' is the compression m B G ; and a e the tension in B H. Transfer a e to 
c/, and join/ to a ; tnen/a is the resultant of the strains in B H and G H ; which 
resultant may be resolved in the directions of H C and HI; and so on to the 
centre. 

The inexperieneed protctitioner iotll find U more convenient and safe to 
work by the paraUdogrami (118) intUadof the triangles offoreesy as tb 
nature of the reaulting strains is more clearly shown by the former, ar 
there is also lees liability to ooiifusion. 



MXTHODB Of CaLOULATIOH FOUNDED ON IHl PaBALLBLOORAX OF 

FOEOES. 

123. General Kaw of the Strains In tbe Booms of HoriBontal 
Straight Girders. The increment of strain developed at any apex in the 



• See 111, "Web. 



** 



i'2 
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boom, is eqna] to the resnitant of the hoiisontal componentB of the strains 
in the two diagonal ban forming the apex. 



Fig. 40, 



Let ab aadae represent in direction and amount the stndns in two bars 

forming an apex, one bar beinff in compression, the 
other in tension. Let the verticaui b d md c e be drawn, 
and through a, the horizontal de. Then hd and ce will 
correspond to the load on the diagonals b a and ac respec- 
tively ; d a and ae will be their horuontal components ; and 
de will be the increment of strain dev^oped at a. 

When, however, the strains in the bars are both tension 
or both compression, their hoiisontal o(miponents will be 
antagonistic, and the increment will then to tiie difference 
between them instead of their sum (as d e), 

A vertical brace has no horizontal component, 

194. The general Rulet for hoomi and bracing (84 to W) hold good 
here alto. 




125. If the load be not concentrateil at the aplees, each apex must 
be considered to sustain part of the load on the two adjacent bays. If the 
load be uniformly distributed, each apex will sustain half the load on the 
two adjacent bays. For other distributions of load, the pressure or equivalent 
weight on each apex must be determined from 117. The total loads thos 
allotted to the several apices will be called the '* weights.^ 



■n 



126. In this division of the work — 
Let B = Angle made by any brace with a vertical line. Then— 



Sec e = 
Tan. fl = 
Sin. e = 



Inclined length of brace 

Vertical distance between its ends 

Horizontal distance between its en ds 
Vertical distance between its ends * 

Horizontal distance between its ends 

• 

Inclined length. 



rv 



I 



V 



\ 



...Horizontal length " 



127. Straight Seml-drder loaded la aaj maaaer. 

Wbb. — Every weight (125) on the girder i» tranemitted through its own 
eyttetn of triangles to the abutment. The load on any brace is equal to 
the sum of all tiie weights upon its system, between it and the unsupported 
end of the girder. For the strain on any brace multiply the load on it (as 
above) by sec. 0. 

Booms. — By (123), — The horizontal component of the strain in any 
brace = (strain in brace) x sin. 0, (126.) 



128, — Example, —Let fig. so represent a parallel straight girder of otherwise 

Tegular construction loaded at three points (a/e). The weight of the load at a 

\ conducted along the braces abede, thatate along ode, HI k represent the 



eiicfat Wa^k a will ba the toDBlon*(91) oi 
I a. If m n »1bd equtd Ws.nfrwill eqiial the 

lioiMdonediHe^aaltoW, uidWi together! r= 
■ o p:= thlA load, c will eqnol the tenalou — " 

Auk equally W^, jr/will equHl the fltni] 
(F.iujdl/theiDcreinentBt/. 
Then (ItiS) the MnBiOD(w)iii Ai>=n( + 
iiU in <in = uir+l/+Bi™m in i m tha 
-t- that IQ d(r. 



pre8^!an|«S>iiin/=nl; tii»tm/e = (/+tli 

ma/-; ttailiach = sp + ml> + tiuiliiiif-i-tii . 

._ J _. — if ihe uiangles fer the Bti^iii be taiim to a larae scale, the 



le may be obtsiaed qniokly uiil acomte. 



tk« CctHKltj, 

W«B.— Strain (3) in anj br»os = W aec fl. . . . (««.) 

Boohs. — Strain (3) in tus ^J °f eitber hooni, 

S =n Wtan. 0, . . . (isa,) 
where 1if =the weight, and n^anmber of diagoiuili between tbe eentre at 
the bay and W. 

IM. 8tnU«ht Wunn 8eBl.«lidep, iHMceles BrsdHC. loaded ul. 
rormiT «■ On« B«oai. Tbe welght^n tbe end apex=balf that on tbe 
others (M). 

Vmt. — Stiuu (3) in vaj pur of ditgMub farming ui apex on the nn- 
loaded boom. 

J = «asec.<, . . . (!««,) 
where u = load per unit of length, and x = number of nnita between 
tbe apex and tbe unmpporied end of the girder. 

Books. — The Btnin (9) in an; baj of the loaded boom, 

S = [Bi(m-l)-t-i jujitan. fl . . . (ia«.) 
In an; ba; of the nnloaded boom, 

S= m"» jtoD. B, . . . {1J«,J 
where n> = number of the ba; counted from the outer end of the girder, 
and y — length of bsj. 

The foUowing cuea (rii., 131 to ISS incloBiTe) do not appl; to con- 
tinnDDs girdera or whole girdm fixed %i the ends. 

131. Btniihi WarrcB Clrder, iMMcele 



In an; diagonal between B and W, 

S = Wlaec B . . . (l»«) 
Boaaa. — Stnun in either end ba; of the longer 



44 CALOUULTIOH 07 8TBAIB8. 

snpport) X Un. (117, 196) ; and if this Talae be considered a unit, then 
the ttrabs in the bays of the longer boom will be pi*oportional to the series 
1) 8, 6f 7t &e. ; and in the shorter boom to the series 2, 4, 6, 8, &e^ 
counting from thtf supports. Thus the strain in tbe second bay of the longer 

boom, from pier B will equal (^ W -y- tan. 9 V 

Stnun in the bay oppofite the loaded apei™ , ;^d being the depth 
(t8) of the girder. *» 

139. If W iM In tbe centre of tbe sivder, the stnun (2) on any 
diagonal, 

W 

2 = ~ sec . . , (1««.) 

And the strain (S) on the centre bay, 



8 = 



id 



133. Stralffbt Warren Girder, Isosceles Braclnirf witb n con* 
centrateil Hovlnir Itoad* 

Web. — Eyery diagonal except the two end ones will be subject to counter 
strains (M). The maximum strain normal on any pair of braces fornung 
an apex on the unloaded boom, will occur when t^e load is at the inner 
(mid* span) end of the inclosed bay. The maximum counter strain on any 
pair will obtain when the weight is at the outer (near abutment) end of 
the enclosed bay. The values, can be obtained from (181). 

Booms. — The maximum atrain on any bay (84-7) of the unloaded boom 
is when the weight (W) is at the opposite apex ; and on the loaded boom 
when the weight is at the next inner apex. The Talues can be obtained 
from (131). 

134. Any Mral^ht Warren or lattice Girder (isosceles of scalene 
bracing), with any l«ad symmetrically disposed abovt tbe CTentre, 

either on one or both booms. 
Suppose the load collected at the apices, according to (195). 
WsB. — The load on any bar will be equal to the §um of til the weights 

(19&) on its system of triamgUs, between 
'^- **• tt and the centre of the girder. The strain 

on the bar will equal the load on it^ multi- 
plied by the secant of the angle it nuikes 
with a Tertical (196). 

Let the accompanyinff fig* represent half a 
girder, with loads on both booms symmetricalty 
disposed about the centre a. Then the load on 
h a will be half the weight (195) at a, that on be half the weight at a, and the 
whole weight at b ; that on c d, the weights at c and b and half Uie weight at a, and 
BO on; fg will take the whole weight at /; i> the whole weiffht at i; e/ and i e 
will not be necesBary. (See foot note, p. 46.) 

Booms. — The strains on tbe sevenl bays will be best obtained from 
the web, by the application of (193), by summing the scTeral increments 
(commencing at the outer ends of the girder) as follows. 

The 8ta*ain in o n is the increment at o. But the strain in o a pervades the 
whole lengUi of the bottom boom, and therefore must be added to all the other 
increments invtards (towards the centre of the girder). The same may be said of 
the strains in the other bays; so that, strain in « m= (inc. at o) + (inc. at a) 




STRAIOHt 0IBDEB8 WITH XOYIHO LOADS. 
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lit' Strain in 4>il = (inc. at a) + (inc. at n) + (inc. at m) = (strain in m n) + (inc. at m). 

vit Therefore, the strain in any bay is equal to ike ttrain in the next outer 

M bay ( + ) plus the inerement at the intermediate apex, Kote. This applies 

iU also to Bemi-girders* 

135. Any Btmlrht Warren or ijUtlee Girder (isosoeles or scalene 
bracing), wltb m nnlforaily distributed MoTlnir load** 

WiB.— The simplest method of obtaining the strains and counter strains 
(93) is by tabulating the strains produced by each weight separately, 
asing (181, ** Web"), which will hold good for other than isosceles bracing, 
provided the sec. (196) is corrected for the varying angles. The co- 
efficient^ sec. 6, shonld not, however, be employed until alter tiie summary is 
made. See example (136). 

Boohs. — The strains in the booms are greatest when the girder is fully 
loaded, and may be most easily obtained from the web by (193 and 134). 



The lattice bars 



Fig. 63. 



136. SxjtMPLS.—AB, fig. 53, is a girder 60 ft.Iong, 10 ft deep, 
are inclined at angle of 46** with a vertical. 
The moving load is equal to 1 ton per lineal 
foot, =s 10 tons at each apex (on we lower 
boom) (195). In tabulating the strains, 
only those bars whi(di incline in one direction 
need be considered, for the remainder are 
strained similarly and eqnaUy. (Thus a, 
fig. 63, corresponds exactly with the bar 
intersecting «, and so on). In the table 
below, + indicates compression, and — ten- 
sion. The numbers are the loads on the bars. For the ttrains, the loads must 
be multiplied by sect. 46** = 1*4. Th& columns (majdmum +) and (maximum — ) 
are obtamed by adding the + values together and the — values together respec- 
tively in each horizontal row. The oOlumn (uniform load) is the algebraical sum 
of the values in the horizontal rows. 

q?racing the action of Wi, it is seen (from 131) that in a, fig. 63, there is from it 




aload=W^ « 10 x 

V 



f? = 8 tons, evidently producing tension (— ); and in e 
60 



and € there is a load = W— s 10 x i. = 2 tons, as evidently producing compres- 

l 60 

slon (+). And so on for the other weights. 



Ban. 


Wi 


Wa 


Wa 


W4 


Maxi- 
mum 

+ 


Maxi- 

mnm 


Uniform 
Load. 


a 


— 8 




— 4 






— 12 


— 12 


b 




— 6 




— 2 




— 8 


— 8 


e 


+ 2 




— 4 




+ 2 


— 4 


— 2 


d 




+ 4 




— 2 


+ 4 


— 2 


+ 2 


e 


+ 2 




+ 6 




+ 8 




+ 8 



It will be seen (torn the above Table that bars e and d (and of course the bars 
inclined the other way which correspond to them) will suffer strains of both 
tension and compression. 



* Case of a railway train passing over. 



46 



CALC1TLATI0N OF STRAINS. 



137. NoTi.— >Tlie strains in the web resolting from the weight of the 
girder itself, must not be calcolated rimultaneoasly and in combination 
with those resulting from the moving load. They should be calculated as 
for a stationary load (either by 134, or by tabulating as above, to form the 
column *' uniform load "),* The values thus obtained for the several bars 
should then be algebraically added to each of the columns (''maximum + ", 
"maximum — **, and "uniform load'*); and it will be found that the 
modification in the first two will be more advantageous as the weight of the 
girder becomes large compared with that of the moving load ; for the 
counter strains (93) will be less, and the amount of counter bracing 
necessary will be diminished also. 



138. Amy Straight Open-braced Girder, with a l^md usynime- 
trically disposed a1»on( the Ceatre. 

'Wbb. — a. By tabulating the strains produced by the several wdghts, and 
taking their algebraical sum ; 

Or, b. By (1st) abstracting the unsymmetrical parts of the load, and 
proceeding with the remainder by (134), (2nd), calcu- 
lating for the unsymmetrical part by (135) ; and (Sid), then 
' taking their algelnraical sum of (1) and (2). 

Booms. — From the web by (1183). 



139. EaUiee Girders havlnr their Diagonal Bars llxed together 
at their interseetlon may be calculated as if the bars were not so fixed ; 
for this mode of constructing a girder "can never add to the longitudinal 
strain upon it ; but by calling into play the resistance of the bars to cur- 
vature adds to the stifihess of the bridge, "f 



140. Simple Trass. — ^Let AB = Z, WC = d, and p the angle between the 

incUned tie and the horizontal. Then, — 

^ m 

Compression in AB = 7-^ 




Tension in A C and C B = jt* sec. ^, 

Compression on C W = W. 
If WC represent ", then AW or BW will equal strain along AB ; and 



W 



AC or CB that in the ties AC, CB. 



* The two methods will not give equal results at and about the very point (th€ 
centre of the f^irder) where the values are of the greatest consequence. This is 
quite unavoidable ; and the safest course (which need be pursued only in works 
of importahce) is to employ both methods, and to provide against the greater 
■trains. 

t " Wrought Iron Bridges," by J. H. Latham, M,A. 



SIV^LB AND COMPOUND TRUSSES. 
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141. When W is not in the Centre, 

Let A W = a, 
BW = 6, 

f= angle CAW, 
^' = angle CBW. 
The other notations as before. 



Compression along AB = W — -, 

Id 

Tension in AC = W — sect. ^, 

Id 

Tension in CB = W — sect. ^' 

Id 

Compression on W C = W, 
For the pressures on the supports, see (llT). 



Fig. 66. 




. . . (136,) 



142. If the truss in either fig. 64 or fig. 55 were inverted, the strains on 
the Tarious parts would change in kind bat not in amoimt. 



143. In both the aboTe cases, the tension on the ties and the direct 
(87) compression on A B would remain the same as at present, if instead of 
being loaded with the concentrated weight W, a load equal to (2 W) were 
spread uniformly along AB. 

144. CJompoiuftd Tnus. — ^A structure of this kind may be regarded 
as compounded of a nnmber of simple trusses (140). The simple truss 
ACBD has to sustain at its centre (C) half the entire weight of the structure 
and its load. The truss AECF has to sustain at B half the total load 

Fig. 66. 




between A and C. AGEH must likewise be considered as supporting at 
G half the total load between A and E, and so on with the others. With 
a uniformly distributed load on A B, A H E and the three other similar 
trusses would each take | ; AF C and its fellow, each i ; and A D B, ^ of 
the total load. The stndns on the various parts can then be obtained from 
(140). The compression along AB is uniform throughout the whole 
length. 



is oaloulatioh ov 8traim, 

Aboh Bridges. 
ab0hi8 with 8pandbil bbaoivo. 

145. With a VBlfomi HorisoBtal Eoad. 

p. gy^ Let { *s length of span, 

V s rise, or versme, 

y » horizontal distance of any point 
from the crown, 

to = load per unit of length. 
Abchk^ Bib. — Compression at the crown (C), 

8v 




Compression at any other point (C) 



The expression for 0' is stricUy aocorate only when the acoh* is a parabola,— 
the curre of equilibrimn for the load in question* It may, however, be safely 
need in most cases of practice for arcs of cindes. 

Spandbil. — If the ardi* he pardboUCy the only strain on the spandril 
will be the Tcrtical pressure of the load. (See foot note f , p. 49.) 
The spandril may then consist of a number of pillars or struts (as in 

fig. .57), each sustaining a yertical pressure = — — nearly; N being the 

number of spaces into which the pillars divide the span. 

If it consist of a continuous web, the compression of it per unit of lengfli 
will be equal to w. 

If the a/rch* he not a parabolOf the strains in the spandril bracing 
may be obtained from M, 81, (for continuous or '* plate bracing"), or 111 
(for diagonal open work), the rib being considered as the "compression 
boom." 

Top Horizontal Mbmbbb. — With a parah^lie arch this member 
(D E fig. 57) simply acts as an immediate support for the load (87). Wi^ 
an ardi, not a parahola, there will be a strain on it acting in the direction 
of its length, the nature and amount of which may be determined from 
the increments at the apices of the diagonals in the spandril, by the appli- 
'^tion of the law in 123 as illustrated in 134. 

46. WUli a MoTias Eoad. 

r obtaining the staiims on the various parts of a braced arch, subject to a 
.ibuted moving load, the following method may be employed, t 



* More properly the neutral axis, or the line traced through the centres of 
gravity of the cross sections of the rib. 
t Given l^ B. Stoney, B.A. (in '* Theory of Strains ") ; and others. 
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ConceiTe the load to be collected into weights at the several apices on the 
liorizontal member, each apex sastain* 

ing half the load on the two adjacent Tif(.S9, 

bays. The strains produced by each 
weight separately must then be found 
and tabulated, as in 135. Suppose 
the strains from weight W (fig. 68) are 
to be considered. At W draw the 
vertical W D. From the abutment 
A draw A CD through the crown of 

the arch (0) till it intersects the perpendicular at D. Join D to 
B. If the weight Wbe resolved (118) in the directions A D and B D, the 
amounts and directions of the reactions of the two abutments will be found. 
This may be readily done by producing A D to E, and erecting a perpen- 
dicular at B. Then, if B B equal the weight W, D E will be the reaction 
of A, and DBthe reaction of B. If the former be traced up from A 
towards the weight, and the latter from B, by the resolution of forces 
(118, 119) the strains on the various parts may be thus found ; and the 
same being done for the other weights in succession, the maximum strains 
produced by any position of the load may be derived from a table similar io 
that on page 45. 

If the weight of the structure be small compared with that of the rolling 
load, it will be found that some of the end bays of the horizontal member, 
and of the middle bays in the arch, will occasionally sufifer tension. See 
also 137. 

VNBBAOBD ABOHES, 

Or arches whose stability depends upon the stiffness of the rib itsell 

147* Tlie Neatral SwrCace, or neutral curve of an arched rib, is a line 
traced through the centres of gravity (390) of the cross sections of the rib. 

148* The line of Pressares ia a line the ordinates to which vary cte 
the moments ofruptitre (1) for the load.* 

The line of pressures is given at once in those diagrams (pp. 4 to 6), in 
which the ordinates for the moments of rupture are directed to be taken 
from and on the same mde of one horizontal line. Where this is not the 
case (as in 90 or 91, for instance), the ordinates must be transferred tc 
some new horizontal datum. 

The ordinates may be taken to any scale for ready comparison with th€ 
neutral curve of the rib. 

149. Whenever in any arch the line of preseuret coincides vnih the 
neutral surface, the ar<^ is in equilibrium^ and the strain upon it is 
everywhere eamprtssive»f 

* For MasoBijr and many other ArcliOB ca8el4 will be found exceedingly con- 
voxient. The structure and its load should be considered as made up ofseveral 
smaJl portions, each collected at its centre of gravity. The line of pressures can 
then be obtained hy summing the ordinates for a new outline, as there directed. 

t StricUy speaking, the pressure on an arch of other than a thoroughly incom- 
pressible Tnaterial cQters the form of the arch ; and this alteration of form, or 
lending action, induces strains similar to those found in beams (see 1 and 93). 
The tension on equilibriatedribs (IM. 151) is in practice so small (even where it u 
devdoped,— for this does not occur till the tension induced by the bending exceeds 
the direct compression on the rib) that it aeed not be regarded. 

B 



50 OALOOLATION OF 6TBAIN8. 

IM* Tlie Stability of am Arcii lacavable off Reftistias Tension is 

secore so long as ^e line of pressures does not at any point deviate from 
the neutral curve by an amount^ the proportion of which to the depth of 
the lib is given by tiie values of q (153) for various forms of cross section. 

151. Wherever the line of pressures deviates beyond this limit, there it 
a tention on tAe rt6 on the other side of the neutral sur£Ehce, increasing with 
the deviaticn. 

152. Pressure along one edge of an arched rib invariably produces 
tension on the other edge, whatever be the form of cross section. 

155. Limits of the deviation of the line of pressures from the neutral 
surface consistent with there being no tension on the rib ; — 

Form of Orau Seeti4m, Value of q. * 

fiectangle i 

BUipse and CSrcle i 

Hollow Rectangle (area = hh—b'h')\ 
also I formed section, 6' being the f i / 51^ \ /i ^J!l.\ 

sum of the breadths of the lateral ( ^V^l— i^s/ "^\^ "" bh/ 
hollows. ; 

Hollow Square (area = ^^ « ^^2) i ^^ ^ -- ^. 

HoUowElUpse ..... i (^l - y^^^ (^1 --j-^^. 

Hollow Circle * O "*" A« /* 

h and V = external and internal breadths ; and 

h and hi = the external and internal heights or depths. 

I, section alike above and below . J (^1 + . / ^ j^ J' 

A — area of each table or flange ; 

A' = area of the connecting web. 

154. The above values of q should be applied as a test for tension in 

cases of braced arches, and also Where the spandril 
^^g' ^^- consists of columns ; for the line of pressures is 

then in reality a polygon, with the angles at 
the apices on the rib. (See fig. 59.) 




154 A. When an Arched Bridge consists off 
several unequal Spans, the neutral surfaces of 
all the ribs should be parts of the same figure — 
generally arcs of the same circle, or the same parabola). 



* These values of fl are J!h>m Professor Bankine's " Civil Engineeriuf;. 



»> 



BcBfUEtoa Bbimu. 



MiiR Chubb. — Ths curve wldcii the naia chainc 'vilt Mnms irill b< 
Let u :^ load oa eseli duun p«r unit of length; 
I = length of ipan ; 

v E Teraine, or deprenian of tha ebain ; 
f — angle vUeh a tangent to the tHuia at any point nutkea with a 

horiiontal ; 
y = horiiontal distance of anj point from the mid-spao. 

mi' 
Tenaion at eentre, T = — ; Pi^_ „_ 

At any other point, 






(H-l) 

ToWEKa mn CotnmB-OHAine. — The tenaion on the eonnter-chain^ 
nod the pressorcs an the taveia may be readily found ea foUowa : — Fro- 
doce the tangent to the majn-chain at the tower (G) till ita length (CD) 
on a Bcale of parts, equals the tendon at that point {fonnd from 
T* abOYe). Throogh D draw D£ parallel to the direction of the 
conntec-diain (0 F). Fiodnce the centre line of the tover till it inter- 
«ecta D B. Then (US) C E will give the presaore on the tower, and D E 
the teniiim on the ooanter-chun. 



When a Euspension bridge coneiala of serenl spans, the ehaine of all of 
them nnst form portiona of one and the same paiabola. 

The Btnins on the whole rpans — as B C — will be the same as in (Ia5)> 



n tli« outer epunt (A. B) &re idenUcal with those in B D, 
liB.81, 



1, ud then V ^ ( —-) 'ee. i (lU), I btiiig stiU tl 

Tho oompnuioD on Uio towers wiU eqiul tho diigonAl of a panUalogrsm, 
wliCM ndM Donreapond in dinciian and langth lo tlie lenslonn io the cbains on 
elUier ^de (u U Eln fig. 61). 

19T. losrsMBioii BBiMC MOB ■LopiRD koca, whb 1 tnnroBii hdu- 

IQia-oHAQre. — Tha curre which each half of the cbaiiu vill umme 
vill be a puabola with ita ax[B panllel 
iW' U- to the direction of the aloping rods. 

vl'l 
Tenaion at mid-spao, T = „ ', whraa 

(wl') ii the total vertical loail <ni tba 
rodi ; (he other notation* aa In IBS. 
TeosiaD at an; other point, 
T' = IB y ooMc. f ; 
jr bong the diitaiun &om the nid-apan to the bottom of the sloping rod, 
attlie top of which T ia leqniivd i and ^ the angle which s tangent to the 
chain make* with Uie horizontaL 
Slofiho Kods. — Teumon on an; rod, 

t:=WK0.;3; 
where W is the rertical toad on the rod (hklf the load on the two adjacent 
baja) ; and p the angle vhioh the rodi make with a TsrticaL 

HoBicoBTAL Mevbi*. — The conpreaaion (c) on the horuontal pUtfoim 
at anj point distant (ji) from the uid'apan, ia 

tot tba Unatn, aee lU or IH. 

IH. SmmulOB BkiDOM with Movna Loins are salyect to much 
iifigiumDeDt, to prevent or modif; which aeTeral meaoa have been deriaed. 
■■•. (1.) in tuaHidTy girder from jwer to pier, anchored down to (he 
rataKnta. If (hia prder be continnona t<a tsoh apau, its booous (fig. 3S a) 
it »bont the middle half of ita length must b« aide to Rtist a atntin 

= -— J, and (he web a ahearing foroe of abon( —; v/ being the inteiuit; 
of tiie moving load per mit of lengUi ; I, (ho length of apan, and d the 
daptb (HJ »t ths girder. 



each oiisloadedattliaextreiiut;with -— , ii«tationubefore(lI»]. While 

tha toner ii anffsriog the atniu eoDseqnent on the application of 
this force to its eztremit;, there is oleo a direct comprenioD on it 



=(-?> 



I. This tatter, it mnet be remembered, modifies the ten- 

Bional (4) Btraiiu produced b; the former. 

ICi. (3.) Jaiertitis diagonal brwAag between the roadva; and the 
chains. The itraiiu on the various porta m&j in this owe be obtained as 
in I4S ; thej will be altered in kind only, not in inteneit;. 

■•I A. (1.) A fair of Aaint of identical curvalvrt, placed one kbore 
the other, and bsTing diagonal biadug betireen, the gieatest shearing ibrce 

^. ,_ „^ 2io'I 
on which would be — =-• 

ISIB. (6.) CouiUer cAaint oUwAm! fa 1&< matn e&anw at abont) ipui 
&om the abatments or piers, and mnuing down to the latter. Iliey 
should he made toradst a strain of (-^ x see. t\, 6 being the angle 
between the oonnter chains and a TSrtJcal. 

ISIC. (6.) hclimd itraigM cAni'iu, for carrjing the platform ud 
tha moving load. They extend from the tower^ and meet or intereeet 
each other. The; are sostuned in the repaired straight lines by rods, 
which are eonnected to enrved chains, the latter haTisg tc cany the 
weight of the straight chains only.* The teniion on the latter may be 
foand from ISK. The tension on the itraight chaioa may be most readily 
found by a parallelogiam of foreee (II8). 



iMlmeBM and Plen. Girders, properly bo called, viz., those 
which simply rest upon the sapporte, bring upon those supports 
a vertical pressure equal to the shearing foioe deyeloped there. (Sea last 
paragraph in U. ) 

Abuimenii qfArchet. ThetlimBt at the sbntments of an arch is exactly 
ei^uat to the eompresBion In the arch rib at the Kprin^g, the valoe at 
which may be determined from 140, IM, 

For the toirerB and pien of eoipension bridges, see i»> IM. 

Whatever the piert of a bridgt coruiti of caitimni, their strsngth « 
aK«i— their liability to 3exiiie, &c-~maBt not be overlooked. (See IH-J 



DlBTBlBimoB or UaTEBIAL to KESigi THH OXLOBIAtan 

(Bmbodying Proceaeeses TI, Til, p. 24.) 



* Ui, R, U. Ordiah's eritem. 



54 DISTRIBUTION OF THS XATXBIAL. 

IM. AxioiD. No tohole 18 strongerthan its vfeaketi part. 

IM. VaUbnt fttrenvtli. A stroctnre ia said to be of uniform strength 
when no one part would yield before another, suppoaing the stnictare to be 
subjected to tiie load, or a multiple of that load for which it was designed. 

In atractares not of uniform strength, all the material in excess of that necea- 
aairfor uniformity of sttengh is redundant.* 

To ieeure wniformUy of strength, a constant co efficient of safety (178) 
must be used for the same matenal strained in the same way. For beams 
of uniform strength, see 915 — 918. 

166. Units. It is necessary to adopt : 
1. Unit of Strain or Stress ; generally lib. avoirdupois. 
9. Unit of Sectional Area ; generally 1 superficial inch. 
3. Compounded Unit of Strain and Area ; lib. per sq. inch. 

Let A = area of a section in units (sq. inches). 

S => calculated strain in units (pounds ayoirdupois). 

U s ultimate strength, or breaking weight of the material— 
in lbs. per sq. inch of section. (For numerical yalaes, 
see 931.) 

Co = coefficient of safety (1T9). 

W S « working strain (119). 

! 

Fbivoipal Strains to bb met with in Bridges, Girders, &o. 

167. Tension, causes or tends to cause the fracture of the material 
upon which it acts by tearing asunder its particles. 

The resistance to Tension is directly as the area of the cross section of 
the material, taken perpendicular to the direction of the strain (IM). 

Sx do S I 

Area necessary to safely resist a straiu, A = — tj — = ^jpg» I 

168. Compression, causes or tends to cause the failure of the mate- 
rial, by crushing, buckling, or both combined. 

Crushing. Materials in compression ( ^* stmts ") can be considered liable 
to crushing alone, only when their least diameter (taken perpendicular to 
the direction of the strain) is not more than about I of their unsupported 
length, t The resistance is then directly as the sectional area.:}: 

Area necessary to safely resist a strain, A =» , = — . 

U WS 

Buckling. When struts have an unsupported length equal to about 25 § 
times their least diameter, they may be considered to suffer almost en- 



* It cannot be said that the excess is entirely useless ; bat more on this point 
wpuld be put of place here. 

t Hodgkinson. 

t The resistance to crushing of a body whose diameter normal to the pros- 
"^nre far exceeds its dimensions in a line with the pressuroj is very great, but 

"lually indefinite. 

) For wrought-iron stmts with riveted joints, fh}m 40 to 60 times. 



BBIAKINa WBIOHI OV OOLTTiniS. 
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tirely by being buckled, «. e., crampled up.* Struts shorter than this fiiil, 
partly by cnud^g, and partly by backling. 

169. BAiAXiNa wxiGHT OF 00LUMN8. — Prof, ff^dghtMon^s formtUof 
for eatt^ron columns. When of more than from 25 to 80 diameters in lengthy 



Break, wt. 
Break, yri. 



4416d»» 



44-3 (d«-« -d'»-^ ). 



for solid pillars ; aad 



for hollow cylindrical pillars, flat, or firmly fixed at both ends, d being 
the external diameter, and d' the internal diameter in inches, and I the 
length in feet. Columns rounded or moveable at both ends have but \ the 
strength of those flat or fixed ; and the strength of those with one end fixed 
or flat, and the other rounded or moveable, is about an arithmetical mean 
between these two cases. 

When of less than from 25 to SO diameters in length, let h be the value 
obtained by the above formula^ and c the crushing load of a short block 
(931) of the same sectional area as the column, then the corrected breaking 
he 

OcTiercU formtUa for ike IreaJeing weiglU of Catt and Wrought Iron 
Columns. 
Let C = compressive resistance of a short block of the same sectional area. 

I 
r^-rr^ length of columh divided by the greatest diameter. 



For cast-iron^ 
For wrought iron. 



B. W. = 
B. W. = 



•68 + -1 r 
C 



85 + -04 r 

Breaking Weight in tons per square inch, of section, 

13,600 



cast iron, 



Bound 



wrought iron. 
Square timber. 



330 + r2 
34,000 
2000 +r2* 
850 
350 + r*' 



Breaking WeiglU of timiber 'pillars^ taking the strength of a cube u 
unity. 



Value of r . 
Breaking weight . 



1 
1 


12 
i 


24 

\ 


36 
ii 


43 


60 



* Professor Hodgkinson. 
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170. LONa STRUTS should be made with a cross section, which will 



Fig. 63. 



O + Hu 



insore a certain amonnt of rigidity or stiffiiess, and 
thns resist the tendency to buckle : or they should 
be braced (either externally or internally), and 
thus divided into a number of shorter lengths, 
each of which (and, therefore, the braced strut as 
a whole) may be considered as suffering crushing alone. 

171. Shearing causes, or tends to cause, contiguous sections of the 
material to slide over each pig. 64. other (as at A B, sup- 



posing that D B is part of a 
and B G part of the load). 
Is directly as the area that 

Area necessary to safely 



A = 




loaded beam, A one support. 
The resistance to shearing 
would be sheared. 

resist a shearing strain, 



S X Co 
U 



ws 



Shearing strains will be found to act on the vertical web * of continuous 
▼ebbed girders, and in joints generally, which see. 

For Bending^ bending intensities, and the resistance of materials to 
them, see l, and 191 et seq. 

172. Coeffleleato of Safety are numbers representing the proportions of 
the ultimate strength of materials to the strains that can safely be brought 
upon them. Coefficients of safety may be variously estimated. The fol- 
lowing may, however, be taken as a fair average of the factors at present in 
use where the materials employed and the workmanship are ordinarily 
good. 

Metals. Timber. Masonxy. 

For a dead load « . 3 4 to 5 4 

For a live load . . 5 8 to 10 8 

Under dead load may be included all permanent or stationary loads, 
and loads very gradually applied. 

Under live had, all rapidly moving, and suddenly applied loads. 

TJltimate resistance __ xir^-T,;-.-, i,*.^;^ 

Coeihcientof>fety " Working Strain. 

173. The Modnlns of Elasticity (B) (in pounds per square inch as 
given in 231) is the weight (in pounds) required to elongate or shorten, by 
an amount equal to its original length, a bar of material (of one square 
inch of cross-section), and is on the supposition that the elasticity of the 
material would remain constant throughout the operation. 

strain (tn lbs.) per gq. inch on a bar _ Increase or diminution of leniytb 
Mod. of eiRs. (in lbs. ) per sq. inclx " ' Original length of the bar 



Joints. 
174. Joints should always he as strong as the parts they serve to join. 



* In tho paragraphs 69 and 74, the flanges have not been supposed to take 
part in resisting the shearing forces (so called from the shearing strains above), 
any more than the web in taking its share of the horisontal strains. (66. } 



IIS. BiT«ta ma; fiul in aem&l diSsrent vajs, dependiog on tbeir 
office in a joint. The head ma; b« (horn off {aa at C D, „ „ 

B F) ; or ibe rivet maj be raptured at anj aet^ion (ni 
A B) when the riTst is in tensioii. 

Lei S = the tenmonal itnun ; then d (diain. of rJTet) 

alioald not be lees thani/jj — ::jagy ^ ''*"'8 Uie 

altimale reostance of the material to tensioo (131) ; and C D or E F should 

not be lees than = — ■--■ .,. • j (lH)i TJ being here the altimate reeistanoe 
U X B'14l0 a 

to shearing (131). 

When the ritet haa to rcaUt a shearing itrain (S) at A B, li most not be 

lesa Oiftn A /ff-^ — TT^T, O being the nltiinato shearing resistance. 
V U >* '7004 

r b« leu than 



ITT. Bolts. — The diameter of a bolt liable to Bhetiing at the spindle 
(as at A B, Gg. 65) most be determined &om (ITS). 

If the bolt be in tension itiriU fail either — Ist^ bj shearing off the 
thread ; Sod, or b; shearing off the head ; 3rd, or bj teusional rnptnre of 
the spindle. For a perfect thread the height of the nat and of tbe head 
ehonld be equal : hot to allow for inaccojaciea of workmanship, the height 
of the nnl shonld be abonl twice that of the ha&d. Tbe height of the 
Dot should not be less than Uie diameter of the apindle ; in practice it 
is freqnentlj made uooh mora than this. 

119. PlB JoImM Ib Teiulo> Bon. — (Sach as in ewne suBpeniion 
chains, triangolar girders, and tmsses). 

Pin. — Let n <= the least nnmber of aeetlona at 
which the pin most he dlrided before the joint 
can fail (1 in Eg. 66), a - sectional arw of 
pin, and B the tension on the joint, then 
'^~ \uit. ibtu-T" '' ' '^^ coefficient (ITS) ahoold be 
liTtra, aa any inaccnraeiee In the wortanaiuhip wiU 
tend to oonceatrate ^e sIZBiji in certain pajte. 

Iiini. — The section of an; link-head taken 
through the centre of the pin-bate (& B) thonld 

equal abont half aa mnoh again as that taken throng — ., .. _. . — 

(ss C D), in cauaequence of the ineqnalit; in the distribntion of the strun. 



where S ii tha itrain od Uu joSnl^ and V the nltirnkte 

Qenti-al S\dt, — Diameter of pa m«j be J of tha width of I 

Sivited JinnU ia Tauiim. 

IgO. Tlie EireeMve of ATalUibls HecUsm of a plate wil 
in it d«pendg upon die diipc 
rivets. Thiu, in fig, 67, the 
of plait that conld be take 
A A. But heibre the joint 
bf the rupture of (sa}) the 
at A A, th« three rivets mi 
mast bo ehom. And it will 
in a joint amnged in this waj 
Kotion will be eqnal to that t 
tht firtt rivet, or lint of rmett. 



Ifll, The sectional ai-ea of aU the riveli in a joint taken (c 
be equal lo the effective $eclioa af the plate. 
The distance between the oeiitreH of livete ahioh stand in a 



n the joint) Bhonld bo made ■= d + 
J above (S in 



» Joint* ma; fail, — 1st, from the tsnaional rn 
. effectJve section [im) of the phite 

{. 63. shearing of the riveta ; 3rd, b; the 

of theoTerlBpa(AAAA, (Ig. 88). 
on eocA rivet = jf^^^r rii ' ""^ '^ 
be shorn st one section only (IT»). 
between the lines of riTets(IBI), (i 
are 3 in Eg. 6S) moat not be lem t 
lap required for the rivsta ia the fi 
A). The latter msy be deteciai 
following eqaatioD, 



8 X Co 



ia which S = tension on the whole joint ; n, total number of riveta ; I, 
thlchneseof plate ; (J, ultimate reaistance of the plate to shearing; Co, a 
-•'-'■' "--It of aafetj (i7»). 
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183. nsh 4»tBtt.^Wbet« onl; ooe ooTer or fiib-pUtla ii need (as in 
fig. 6B), the case is TirtnaUj identical vith two 
■nooeuiTe lap-Junta, and ean bg calcolated aa Tig. at. 

■nch (188). Where two ooYOr-platee are em- 

plajed, it ia to be borne in mind, that before the 

jmnt can ful, each mat mogt be ehom at tieo 

aectioDB, «« that the seclioa of each need be bat 

half that neeenvj with Bungle carer-plate (i«4). The thicknpu of each 

oorer-pUte unit nerer be leaa than half that of tha main plales. 

Siveled JomU in OmtprMnim. 

184. la lav^aiaM the effectire McUonal area of the pUte ia eqn^l 
to the loM of aeotion by tiTet-hoIes, not conutiog 

those which are behind inj othcn in the ^'S- '!''■ 

diredjon of the pressure. Thus, in fig. 70, the ■ 

effective bearing section of the plate ia that &om I 

AtoB. I 

For the ahearing itrain (ITl) on each rivet I 

(IT*), divide the atiun on the joint bj the total I 

number of riveta. A rather large coefficient of I 

aafetj (lt>) ahoald be need, aa inaccuracies of ■ 

workmanship will material]; coLoenlrate the fl 
attain at certain pointa, 

I8B. Bun ^slBts (same aa fiiL-jotnts in b 
haying on effective aectiou equal to the total ae 
rivets £11 the holea as the; sbonld, there is hordl; an; loaa of strength 

The Dorer-platea are required umpl; to keep th* main platea in their 
proper positions. 

IM. Jointa formed b; Bibs and eellen ma; be calculated from 119. 
It il adviHable that the obliqnit; of the snrfacea to the direction uf tba 
sti^ ■hmild not emeed (° or 6°. 
' A few eaal and wrought iron joints are given in Flats II. 



ISI. A form of joint having been determine, the parts at wh^ch it ia 
liable to fiiil must be tntced oat, and soEGcient strength be given to them, 
using (181 — ITI), and particular!; observing (181). 

188. JoIhH Ib TeBilo>.— fu^ and tearfed jointa. Pii,-a. 71, 72 re- 
pesent forms of fab -jalnta. 

In Bg. 71 tie teneioa Fig. 71. 

m»j cause rupture at A B, 
or C D : or at E F and 
&H, (flt>(Aof theJatter 
mnat fail before the joint 
' givee wa; by the ruptnre 
ofthe fiah-piecei.) And 
further, the Joint ma; fail 
b; the aheaiing off of Q F 
andBQ; orofFSandQT; or of KQ ondLM ; oi 
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BKAKB OF YA&IOUS SXOnOHS. 



Fig. 72. 



above is disregarding the shearing resistances of the foar bolts shown in fig. 

71, which must be taken into aooount 
in a somewhat similar way. 

Pig. 72 represents a joint fished with 
iron plates, and also '* scufed.** Fig. 
78 shows another form of scarfing. 




Fig. 73. 




181. Joiato in C^mpressloB.— 

Surfitoes abutting against each other 
should be as nearly as possible per- 
pendicular to the direction of the 
thrust. Where eonyenient, fish pieces 
may be used to retain the main- 
pieces in their proper position; or 

the latter may abut into cast-iron sockets suitably designed. 

On Plate II. are given several forms of joints for timber structures, which 

can prufess only to be suggestive. 

ItKI. Bhoaldered Tenon for attaoliia« Cross to Main Beams,. — 

Fie. 74. ^^® weight on the end of the cross beam A 6 is borne 

* ~ by the shoulder C, which is let into the main beam for a 

distance equal to about one-sixth of the depth of the 

former. The length of the tenon, D, is about twice its 

depih. 




BBAMS OF YAEIOUS SBCTIONS. 

191. For those beams, girders, and other similar structures, in which 
certain parts are supposed to resist certidn definite strains (69), and other 
parts, other strains (for instance^ flanged girders with thin continuous websi 
all open- webbed girders, trusses, &o.) see 63 to 169. A mode of pro- 
cedure is there adopted whfch would not be thoroughly applicable to 
those beams in which every fibre or particle is considered to take part in 
resisting the bending action of the moment of rupture (1), and where the 
whole section is liable to the action of the shearing force (l). 

In Designing a Beam — 

199. Determine the nature of its cross section. 

If the exact proportions of the section are to be adhered to> 

and the area alone required, <»-expTess all the dimensions of 

the section in terms of one of them, that there may be but 

one unknown quantity. 

Thus— suppose a beam to support a given load is to be rectaa- 
galar, with the depth twice the breadth ,then let b = breadth, 
and 2b — depth. 

If all the dimensions of the section, except one^ be given, that 
one will of course be the unknown quantity. Then,— 
193. Substitate for M, in the equations given hereafter, its value as 
foand from the span, manner of loading and supporting, &c, pp. 2 to 15. 
The dimension, or dimensions, required may then be obtained. Lastly, — 



■UBIUTT or LOADID BSAH. 

IM. If kt knj TettiotI Mction, time be Dot rofficieot maUmI to i 
the eheariDg force (1, 34, <C teg. and ill), the aeeeeeai; addition mn 
made to the eeetioti. i 

Tbu will seldom be nqnind tt olfaer plecea Uinn aeta Uie mpitorla li 
oDDtiniioiu beanu, uid near the poiuls of coutni7 Beiara 1(3) m coaiii 



IM. Tbi Stasiliti or x Loaded Biaii dependa an the eqnttiaa 

M = E. (1.) 
m. AbbrerMtioni — 

Let U = mMnent of rnptnre (1, t), the ralnea of wliich ma; be de- 
termined from the eereral casee T to 33. 

& = — = moment of leuitanee (l) of the epotion. 

I =: moment of inertia of the Motion. 

f = distance of the neutral axil (I*S) from the fartbeat edge of 

tlMseetiao. 
a — total area of the section. 
= modoJiu of mptuTB ()«3}. 

IM, The HcBliwl Axil (If - A in the lectioiu, figs. 82— B4) is a 
■ection of the neatral lurfBce, — a lajer in the beam (and tlie onlj one) 
which ii neither extended nor eboitened bj the action of the load (4). 

In. Proiided that the limits of eltuticitj' of the material of the beam 
be not .eieeeded, tht neutral axil toiU pau lAroujA the ctntrt of gravis "/ 
the »tetiim (M»), 

)M. There most be bnt one lineal unit used in obtaining the valnee of 
H, B, I, t ; and the mperfioial unit owd for a moat correapond to Ihat 
lineal nnit. 

t»l. The ecotion at whioh & and I {197) are taken ma; be mad^ 
parallel to the reaction of the anpporta of the lieflm.f 

Fiff. «. 

■M. Whererer either the npper or lowe* enrfiice I 
of the beam ia not perpendicular to the action 
of the load, then C muet be modified to (0 eo>.> a), 
9 being the inclination of the moat inclined surface 
to that perpendicolac. 



t The sectioii at which ihe moments of ralslsnce ehonld really be tslcsn ii a 
dured surhoe cuttins (lie upper and lower eds« of the beam, and the neutral 
aur&ce sU at rij^ anglea, wnatever be the form of ^e beam \ and the moment of 
mptare to be equated wiUi It ehonld be EaJeen at Uie interseoUon of Una ourred 
■uitaoa witli Itia uentral snrtlMa of the beam. 



62 Bun or yAvons nonotrg. 

taa. ModmlBi af Brnplarc — Tbs Ouatiical value of C ii the misluice of tbe 
TQBUrifll lo dtr«cl compreiBicRi or leulon. £Dt it iafouDd ftom ~ '~ ~~ 

croBs brttikiDf thai Uub nlae iji iwt mffidentl; hf ah. Amongst 
I ...^ ualRoed tor ibli, ire— iBt, IliU in addiiioato Ibe n 



£b l>t«nl idhsaion (tf Uig llten to gad) oUier, Knnsd the " BMiMaiiDe of 
Plaxora." (a«e Bariow on ttM "Stniufli of Mtttarlili," Mb odfUon,*) And 
Ind. tint in most mMaDio b«uiu (ggpaalMlj whoi cut) the oatei Bldn, which la 
•Bained mora thu an; otiiir part of OiB MadoD, la Tor mnoh Mrounar Qhnn 
many well-known caiiae4 than the •Teragaaeoliim I whsnaa it the dlnot temlle 
or compnaaiTe n^atanee of tha aama Ixaja, in (be direoUon of tia leuKih, wme 
bdng erparinuntaUj aaoertaiiwd, it iroald lie the averaoe aeotJon at leaat, and 
nrbapa 0» eeoilre (weakar) poitian eapadaltr. tkom irtiicin Oia aueostb would be 
aeteimined. Howerer, thcfa la orlduillr a neoenitj to vnplo? a bigber value 
thin that ffir thn illriinl ifaliilaiinnj ■iiiiriiiBimiii naiiilnnhn nnnrtnil amnilnlna 
of rnpRire which ia IS Unua the load nqnlnd to tseak • Ijar of 1 iq. inch aectlcHi, 
■appoTled on two palnlB one foot wfttt, and kiadad in tlia middle between the 



Bnppc[4a<sai}. 



HoMEim or IinuTi4 ind Rkutamob or Biuis or Tabious Baanom. 
204. Beam of a eolid TeetangnUr aectJoii. 
Fig, 78. 

I =- 



12 12 



Cbd' Oad 



SOS. Beam of a hollow recUngalar Kction. 

rig. 77. 

^ bd' — h'd'> 



\oe. Beam of » aolid drentar seetioD. 
Fift. 78. 

" I = -7851 r* - 2f . 

R = C -7851 r« = ^ = K 
" EaitsdbyW.Himiber, IiWidoa: Lockwood&Co. 




MT. Beam of a boUow ciicQl&r mc 
I = -7861 {r* - r''). 

t,_ ■7satc(f<-o_ 



••8. Beam of a lolid elliptical MOtioa. 



r= -7851 6 iP. 

E = -7SM Cb<P = U. 



Mfc Bntm of a hoUoir eUiptieal ndion. 
1= ■7e54{6<P-J'<i^. 



I = i I 6 d> + i' d" - (i' - i) ii"> 




<ll. Beam with tvo eqiul flanges. 



I = - 



^^ (ft rf* - y j-*) _ 



IS. Be&m with two nneqatJ fl*DgU. 
Fii.M. 






E = — = M. 



tl3. Ta And tke MmaMli i»f laertla u« Bealitanee vf Har 
CroH Secllaa mule np of a Dumber of simple figures. 

Find the moment of inertia of each of the jumpU figarea &bant an axis 
travernng its centre of grofit; parallel to the neutral wcia of the eomplei 

Haltiplj the area of each of the simple figures by the Bquara of the 
dlalance between its centre of grarity and the neutral axis i^ the whole 

Add all the reanllB together for the moment of inertda of tfie whole 
figure. 

Let I, — momeDt of inertia of one of the simple flgurea aboat its owa 
neutral axis ; A ita area ; v the distance from its centre of grsTitj to 
that of the whole section (sio) ; and I, moment of inertia of the whole 



I = (I, + e" A) + ka 



Momenta of inertia J , ^mii,. ( ^^ *^^ power ) 

Hamenta of reuatonee f -aJinn. J "" ^'^ power f of their linear 

Strengtba I !™„ 1 the 2nd power ( iliTn.iiffi>>|n, 

Defleetioni J TMjas (a,elrt power ) 



FRISVATIO BEAMS Of UNirOBM 8TBSNQTH. 
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fisAxs or £ioiAHQX7LA& Sbotioh avd OF Uhiform SmnrGTH (165). 
ElevoHont tuf Btamt «if Constant Brtadth, and Plan$ of Beami of Conilan$ DtfiK 

Fig. 86.— Elevation. 



21$. A semi- 
beam (Y) loaded 
with a concentrated 
weight at its ex- 
'iremity. 



^ A B, a parabola, with 
its vertex at B. 



^ A triangle. 



216. Semi-beam 
<9) loaded uni- 
formly over its en- 
tire length. 



A B, a straight line. 



217. Beam sup- 
ported at both 
«nds, loaded at any 
point (18) with 
a concentrated 
weight. 



A B and G B, a pair 
of i>arabola8, with 
their apices at B. 



"^ ACandBG, pair of 
parabolas, with 
their vertices at 
A and B respec- 
tively.* 



A D, B C D, a 

Eair of triangles, 
avinga common 
base, CD.* 



218. Beam sup- 
ported at both ends, 
loaded uniformly ^ 
(19) over its en- 
tire length. 



( II semi-ellipse, AB 
migor axis.* 



AGB, ABB, pair of 
parabolas, having 
their vertices at 
mid-span.* 




Fig. 86.— ?lan. 




Fig. 87.— Blevation. 




Fig. 89.— Blevatton, 




Fig. 90.— Plan. 




Fig. 91.— Elevation. 




Fig. 92.— Plan. 




» The additional material dotted in at tSie supports is neceseary to resist ti> 
shearing force (19i). 



II*, Hsn to mt t«e, (I.) StrnvcM aad, (2.) StlSeH Ki 
■cub n«B « CrliB'Hval IdC. 

Let ths kocampanjing £gs. 93, 91 nprcKDt sections of ths log. 
Fig. S3. Fig. H. 



Dnw & dumeCer. For tha beam whose nltim>M Btieagth vill be the 
greHtent, biieot the dumetor. Far tiie beui which vill deBeot the least, 
divide ibt diameter into fanr equal puts. 

Drftw pBrpendionlAn to the diAmetei &s shoini, and tlieir intereeotion 
vith tlia oiioumfereucB will determine the inscribed rectangle^ which is 
the aection of the required beam. 

asa. To nnd ike Centre at OnTltr {■••) of mar SeeUaK. 

Let a, a', a", &n., repieeent the eectional area of the UTeral elemen- 
tary parte iuto which the section mij be decompoeed ; g, ff, f/', &0., the 
known distances of their respeotive centres of graiitj from any fixed axil — 
■ay the lower edge of the beam— «nd S, the distanee from the latter to 
the centre of gravity of the total section ; then, 

s = ° y •*• "' g' •*• °"''" + ^- 



DBPLECTION. 



i%l, DaBeeUaa is tbe " displaeement of an; point of a loaded bean 
from its pOBitioo when tbe beam is onloaded." 

Mt. CuBher is an npward emratnie, umilar and equal to tbe maxi- 
m otlenlated deflection, given to a beam or girder or some line in it. In 
'ts horiiontality when folly loaded. 



Let D ^ central deflection. 
d — central depth. 
I — length of spno. 

K ~ Bum of the eiteosion of one flange or boom, and the at 
eniag of the other by tiie strains npon them. 
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E I 

8 d 
K may be found as follows : Let S = strain in lbs. per sq. in. on either 
boom when the load prodnciog the deflection is on the beam ; B « modnlna 

of elasticity (ITS) ; I = length of boom ; then h^ (li± -^J ss length 

of boom after the strain is on ; and if Jif correspond similarly for the other 
bcom, then h + if = K, If the booms be of equal length and section, 
then E = (2 k). 

Let d = depth at support ; the other notations as before. 
The deflection at the nnsapported extremity, — 

2ci 

29«, C<ntiB«o«8 Cttrden, Mid GIvden fixed at One or Both Ends 

(«4— 68). 

When any whole span is analysed it will be seen (94 to 80) that it is eqniyalent 
to a whole girder supported at the ends, and one or two semi-girders, as the case 
may be. To these the aboye formoln 

(MS~5) may be applied, and the mazi- Fig. 86. 

mmn. deflection obtained. Thus — 

For a girder (as A B) faced cU hoth 
ends (94—96), the deflection of the 
semi-brams A G and D B at C and D (II 
or 995), added to the deflection of G D 
belew its ends, as obtained from (19, 
19, or 994), will be the total maximum deflection of B below A. B. 

Again, for eon^tntious girders with moving loads (89, 38), ths maximum 
dtfieetwn, at the middle of a span (B G, fig. 25) viill oecwr simvJUanetnuAy 
with the maximwnpositivt moment of rupture (M«» page 14), at which time 
the points of contrary flexure will be at M, M^ (fig. 25), whose positions 
may be determined either from the diagram, or formuln. In &e outer 
spans of continuous girders, and in girders fiaed at one end and supported 
onlp at the other, the deflection at the mid^e of the part corresponding to 
a whole girder simply supported (see 98, 99), may be found by adding the 
central deflection of the latter as such (19, 994) to half ihe deflection of 
the remaining (semi-beam) portiop (il or 99ft). 




B£BAEIN(} AND 8AFB LOADS FOB BEID(}BS, GIBDERS, £TG. 

997» In the whole of the foregoing pages it is supposed that the span, 
load, and other data as &r as necessary are given, in order to find the 
resulting strains, and the quantity of material to resist them. 

998. TO find the iMid (breaking or safe) when the QsMitltj of 
Material, ftpoa, Ac, are arlTen, is simply an inversion of the former 
calenlatioiis. 

F<Hr seetionai area of material, suhstitttie an equivalent strain, breaking 
or safe according as breaking or safe load is required. 
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BfiKAKISa AMD 8Ara LOADS. 



Thin ascertain ike load thai wwM product thai strain^ and that will 
b6 the load required. 

Rtmemhervng that if the itnuiwe be na of wUform etrength, ihe 
strength of the weakett pa/rt determinee the eirength of the whole (IM). 



tft. axAMPLM L— What load, at the oentre of a wrooght-iron, single-webbed 
or {ilale Rirder of uniform strength (l#6jL and of the following dimensions, would 
oaose the mptore of the girderv^Length of span, 20 ft. ; central depth (67t 7S}» 
1*6 ft.s effeouve section (IM) or the lower flaniKe at the centre* 4 sq. in. j iron of 



imattora not what part is considered, for 



average qnality^ (981>. 

As the girder is of uniform strength, it 
the same result would be obtained. 
Lower flange will be in tenaioin (<6— 1). 

TTItimate strength of ayerage wrougfat-izoQ plate (8S1), 66,000 lbs. per sq. in. 
aq.in. lbs. lbs. 
4 X 66,000 s= 220,000 =: breaking strength of lower flange. 

Then from (12 and gT) strain on lower flange s ^ B 220,000 lb. s ^^-|^* 
Therefore W = ?!?!???_xi_xr6 _ ^^^jj^ ^ 29-4 tons. 

SSt. BxAnna IL— Reguired the sreatest safo (172) load uniformly distributed 
on a rectangular beam of British oak prcdecting from a wall. 



Length of beam ss 6 It. a 72 in. . . . 
Breadth „ s 6 in. 
Depth „ sPin. 
Taking ooef. (179) as 6; (f«S) as 10,000. . 

MsB. . . . (1,1M.) 



(«••) 



(«31.) 



Ha 



(w 36. 



(t.) 



Bs 



Gad 



6xOo • • • 
10,000 X 64 X 9 



(1W4.) 



36 (w I) s 162.000. 

w { m VMO lbs. s 2 tons. 



6x6 
s 162,000 



981. Tablb or THB Stekkoth, &o., or Katibialb nr Pouitds Ayoibdvpois 

PKB SquAu Ihoh or Sioriov. 



^Bff6vr60#v« 


VUimtaU BmuUuu* to 


Moduluaof 
XUutieitv. 


Foot 
mite.* 


XVfMton. ^!JiS»**" 


Sh»mrim§. 


Crot» 

Bnakina. 

XodutuTof 

Rupture. 


MSTALS: 

Brass, Cast 


18,000 

49.000 

60,000) 

36,000)' 

40.000 
16,000 


10,300 

• •• 

110,000 
110,000 


• •• 

• •• 

• •• 

27,700 


••• 

..• 

.•• 

40.000 


9,000.000 

14.230.000 
17.000,000 

18,000,000 


( 487 

• to 

( 624-4 

638 

(64» 

1666 

444 


„ Wire 

Copper, Rolled..... 

» Bolts 

Iron, Cast 
„ American best 
„ M arerage 



* The spedflo nayities maj be readilyfonnd when it is known that a cubic fioot 
of water weighs (9*6 lbs. 



SISUrOTH, &C!., OV MATTCRTAW. 
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Tabu of thx Strbhgih, etc., of Matebuls — continued. 



MSTALB :— COlU. 

Iron, Wrought . 



MaUrimU. 



Bar 






t$ »» 



Flates .... 



„ „ „ arefage 
„ „Joint»— 

single riTeted . 

doable riyetedf 

„ „ Woe. 

„ ,, „GaUe8 .. 



Steel Bars 



„ „ average 
Plates 



ft 



^ 



IXBBl : 



^h. 



Beech. 

Birch. 
Box... 
[)edar. 



Elm 



Xntinutte Xe$i»tat%ee to 



Tention. 



Comfru- 



M,000 

to 
72.000 
66,000 
41,000 

to 
71,000 
66.000 



Pir 



1 



Sfahofliany 

Oak, English .... 

tf American . . 
Teak 



Hucnv Cablis 



40.000 
62,000 
84.000) 
88.000) 
C 17.0001 
to Y 
134.000) 
9S,000 
80,000 



16,600 



11,600 

16.000 
80.000 
11,400 

12,000 



12,000 



Shearing. 



lOO.OOO* 
36.000 

to 
40,00^ 



I 20.000) 
? 10,000) 

1 18,000 J 

12.000 

I 16,000 ; 



160,00U 



9,000 

0,030 

6.600 

l«»,Wt0 

6,800 

lO.OCO 
6,600 
8,000 

10,C00 

6.000 
12,000 



6.000 



60,000 



120,000 



1.400 



{ 



1.400 

600 
to 
1,600 



2.300 



Vrou 

Sreuking, 

Modutiu of 

Rupture. 



42.000 



1.000 1 
... / 



1 14.000) 

(Tt 

1 12,000) 
11,700 

7,400 
I' 6.0001 

I 0.700) 
6.000 
to 
10.000 
7.600) 
to V 
11,600) 
10.000 

to 
13,600 

10.600 
( 19,000) 



Modulut of 
£la*ticity. 



29,000,000 
25,000,000 



15,000,000 



30,000,000 



1,600,000 



1,350,000 

1.600.000 

2.000.000 

486,000 

1,000,000 

700,OCO 
to 
2,000,000 

1,600,000 

900,000 
to 
1,700,000 

2,000,000 

2,300,000 



Weiahtof 

awbii 

Foot 

tnlbu 



{ 



480 



437 

to 

493 



( 



47 



43 

44-4 

60 

30*4 

31 

30 
to 
44 

35 
to 
63 
43 
to 
62 

64 

41 
to 
61 



* It is 4i£Bca1t to estimate the compressive resistance of short blocks of wrought 
iron, as the material bnlges very much under inressure. 

t One and two rows of rivets (181). Jomts of equal section to the plates taken 
through the line of rivets.— Front numerous experiments by W. Fairbaim. 



co^ffranotioii of fib* 



TlBLB or THM STBUQIH, 1 













£^ 






1 116 

is. 






f 1« 




1^,000 



I (Plato m., fig. l.)Br 



;x (I)). 



V man i Tiiranra (E D} ' 



Tlitangh I> diav D E panUlel uid equal to A C. The ordiiutos or 
o&eta mm any poinbi in B to the parabola vill be proportioul to the ' 
aq[uu«B of the diataDcu of thow paiala from D. Thus, if tlie ordinate at a \ 
be I, then (he ordinate at b, tvice the dutanoe of a from D, must be 4 ; 
that at c, three times ih^ distanoe, mnet be B ; and eo on. To proceed 
piactioally : Divide S D intoa onmberof equal parte (n) as at o, i, i^ &c., 
ig. 1 ; (ben if B A be divided into (n') parte, each of these parie wiit be 
the required unit, 1 of whieh ie the offset at a, 4 at (i, B at «, asd lo en. ' 
Throngh the points li V li, &c, thna determined, the required enrvs can 
bo drawn. 

IL (Plate nL, fig. 2.) Bt OEDCiATEa nwK tax bui. 

DiTide the base (lail of which ie repreMnted by A C) into an erei 
number of eqnal parti ; thsn if the b^ght or ordiuato at centre O G eem- 
■pond to the eqnare of half the nnmblK of thoae parta (8 x S = SI), the 



* Tlie tense heiebt (or ordinate at cenlze) and tia» haTe tntu lud 
inalead of abeciiea Ibr the fimner, and double-ordimiCa for the Una, ttut Ihe 
parabola might appear In a more idmple Ilg^ib Uian pethapa It othnwlH wwld 
have done. An; beigbt can be adopted for the parabola ; DonTeuisiice for 
BcnUng offlhemomeDte (S). ta., being alone ■tndiod. 



r 
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ordinate at any other point (d for instance) will be represented by the 
product of the nombera of -pBita in the two segments into which d diiideB 
ihe base (4 x 12 = 48). The parabola may then be drawn through tiie 
HctremikieB of the ordinates. 

m. (Plate III., fig. 3.) Br thb oonstbuotion of a diaoram. 

Draw D E parallel and equal to A C ; divide B E and E A similarly ; 
Uie end E of E A corresponding to the end D of E D. Through a, h, &&» 
in E D, draw act, hb, &c., parallel to B C. Join B to the several points 
of b', &c., in E A. The parabola will pass through the intersection of a a 
with J>af,bb with B 6^, &c. 

Note. If this mode of coostruotion be adopted when the ordiuates are 
required at certain points only (and this will generally be the case in 
practice), the actual curve need not be drawn, after the points it paeus 
ihrovgk have been determined, 

lY. (Plate m., fig. 4.) Br thb ookstbuotiok ov a diaokam. 

On the base A B describe an isosceles triangle, whose height C E is 
double that of the required parabola. Divide the two sideer A E, E B of 
the triangle into an even number of equal parts, and draw lines as in the 
figure. These lines wHl be tangents to the parabola, which may therefore 
be readily drawn. 

Y. (Plate m., fig. 6.) Br xxahs or a stkivg. 

Draw E B equal and parallel to A C. Join C to F at the bisection of 
B B. Make G F G a right angle. Let F Q intersect the production of 
B. Hake B E*3= B G, parallel to F B ; H H is a *< straight-edge," 
against which slides the ^ set-square '* S. A piece of thread or fine string 
equal in length to the distance A E is fixed, ontf end at E and the other 
at the point M, in the set square which wUl travt^rse the base A C as 
the set square slides along. A pendl, P, by which the string is kept 
tight, and dose to the edge of the set square, will describe a true 
parabola. 

To DRAW A TAHGBKT TO A PAXABOLA AT AKT POIHT P. (Plate III., fig. 6.) 

Braw P C perpendicular to the axis E 0. Make B E => B G. Join 
E to P, and P E will be the required tangent. 



* K is the "focizB " of the parabola. G G' the directrix. 
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standard Works published ly LOCKWOOD A CO., 



lEON BBIDGE CONSTEUCTION. — A COMPLETE 

and PRACTIOAL TBBATISfi on CAST and WBOUGHT IRON 
BRIDGE OONSTRUCTION, indndinff Iron Foundations. By 
WiLLiAic HmcBiB, A880C Inst. 0. E., AC., Author of " Records of 
Modem Bbgineerhur." Second Edition, in 2 Vols. imp. 4to, with 96 
doable Plates and 287 pages of text, price 91. 18*. ed., half morocco. 

"A very valuable contribution to tlie standard literature of dvil 
engineering."— C<ivi< Bnginur and Archittefi Jtmmai, 



STRENGTH OF MATERIALS. — A TREATISE ON 

THE STRENGTH OF MATERIALS. Bv Fbxbb Baslow, F.R.S., 
&0. A New and considerably enlarged Edition, carefully revised by 
tJie Author's Sons. Arranged and edited by Wxlliax Huiibxb, 
Assoc Inst. C. E., Ac, Author of "Records of Modem Engineer^ 
ing," Ac. Ac. Demy 8vo., 400 pp., with 19 large Plates (several of 
them quite new), and numerous woodcuts, price 18«. cloth. 

" One of the first books of reference in existence."— ^reiiEan. 
" There is no greater authority than Bsrlaw/'^BuUding Netn, 
"This edition is worthv of being regarded, for all practical purposes, 
as an entirely new work/'— ifimTv Jounuil, 



STRAINS ON STRUCTURES OF IRON WORK; 

with Practical Remarks on Iron Construction. By F. W. Shsildb, 
M. Inst. C. E. Second Edition, with 5 plates. Royal 8vo., 6«. cloth. 



STRENGTH OF CAST IRON, &c.— A PRACTICAL 

ESSAY on the STRENGTH OF OAST IRON and OTHER 
METALS. By Thomas Tbzboold. Fifth Edition; to which are 
added EXPERIMENTAL RESEARCHES on the STRENGTH and 
OTHER PROPERTIES of CAST IRON; by Batoit Honoiprsoir, 
F.R.S. The whole illustrated with engravings and numerous wood- 
cuts. 8yo,1Zs. cloth. *»* HosGKiHsov, sei>arate, price 0$, cloth. 



MATHEMATICS FOR PRACTICAL MEN; being a 

Common Place Book of Pure and Mixed Mathematics, designed 
chiefly for the use of Civil Engineers, Architects, and Surveyors. By 
OliJItsus GueosT, LL.D., Ac. Enlarged by HsmtY Law, C. B. 
Fourth edition, carefully revised and corrected by Professor J. R. 
Yomro. With 13 Plates, medium 8vo, 12. It. cloth. 

"As a standard work on mathematics it has not been excelled."— 
Artizan, 

" One of the most serviceable books to the practical meohaoics of the 
COTmtry."'—BuUding News. ■■ 

POCKET BOOK.— WEALE'S ENGINEER'S, ARCHI- 
TECT'S, and CONTRACTOR'S POCKET BOOK. Considerably 
improved, with many additions, and several new Copperplates. 
Boan tuck, gilt edges, price 6i. iPvbUshed annuaUif. 

" A multitude of useftal tables, without reference to which the engineer, 
architect, or contractor could scarcely get through a single day's work.*^ 
—Bcuntifle Review. 

" One of the most valuable books of its class. We strongly recom- 
mend it." ^ Civil Engineer. 
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NEW & STANDARD WORKS 

IN 
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AGRICULTURE, MATHEMATICS, MECHANICS, 

SCIENCE, &c. &a 
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ENGINEERING, SURVEYING, &c. 

— — f- 

Humbers New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc. Inst. 
C.E., and M. Inst M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c. &c This work, it is expected, will con- 
tain about 50 Double Plates, and upwards of 300 pages of Text. 
Imp. 4to, half bound in morocco. ^In the press, 

^ *#* In accumulating information for this volume^ the Author has 
been very liberally assisted by several professional friends^ who have 
made this department of engineering their special study. He has thus 
been in a position to prepare a work which, within the limits of a 
single volume, will supply the reader with the most complete and 
reliable information upon all subjects, theoretical and practical, con' 
nected with water supply. Through the kindness of Messrs. Ander* 
son, Bateman, Hawksley, Homersham, Baldwin Latham, Lawson, 
Milne, Quick, Rcpwlinson, Simpson, and others, several works, con^ 
structed and in course of construction, from the designs of these gentle' 
men, will be fully illustrated and described, 

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TREATED 

IN THE TEXT :— 

Historical Sketch of the means that have been proposed and adopted for the Supply 
of Water. — ^Water and the Foreign Matter usually associated with it. — Rainfall and 
JEvaporation. — Springs and Subterranean Lakes. — Hydraulics. — ^The Selection of 
Sites for Water Works. — ^Wells. — Reservoirs. — Filtration and Filter Beds. — Reservoir 
and Filter Bed Appendages. — Pumps and Appendages. — Pumping Machinery.—* 
Culverts and Condmts, Aqueducts, Syphons, &c. — Distribution of >Vater. — Water 
Meters and general House Fittings. — Cost of Works for the Supply of Water. — Con- 
stant and Intermittent Supply. — Suggestions for preparing Plans, &c. &c., together 
with a Description of the numerous Works illustrated, viz : — Aberdeen, Bicfeford, 
Cockermouth, Dublin, Glasgow, Loch Katrine, Liverpool, Manchester, Rotherham, 
Sunderland, and several others ; with copies of the Contract, Drawings and Specif)* 
cation in each case. 



2 WORKS PUBLISHED BY LOCKWOOD & CO. 

Humberts Modern Engineering. First Series, 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Comprising Civil, Mechanical, Marine, HydrauUc, 
Railway, Bridge, and other Engineering Works, &c. By William 
H UMBER, Assoc. Inst C.E., &c Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawkshaw, C.^., F.R.S., &c Price 3/. 3^. half morocco. 

List of the Plata, 

NAMB AND DESCRIPTION. PLATES. NAME OP ENGINEER. 

Victoria Station and Roof— L. B.&S. C. Rail x to 8 Mr. K Jacomb Hood, C.E. 

Southport Pier 9 and xo Mr. James Brunlees, C.E. 

Victoria Station and Roof— L. C. &D. &G. W. 

Railways iitoisA Mr. John Fowler, C.E. 

Roof of Cremome Mosic Hall x6 Mr. William Humber, C.E^ 

Bridee over G. N. Railway- 17 Mr. Joseph Cubitt,^ C£. 

Roof of Station — Dutch Rhenish Railway .. zSandxg -Mr. Euschedi, C.£. 

Bridge over the Thames— West London Ex- 
tension Railway ao to 24 Mr. William Baker, C.E. 

Armour Plates 25 Mr. James Chalmers, C.E. 

Suspension Bridge, Thames s6 to sg Mr. Peter W. Barlow, C.£. 

The Allen Engine 30 Mr. G. T. Porter, M.E. 

Suspension Bridge, Avon 31 to 33 Mr. John Hawkshaw, CE. 

and W. H. Barlow, C.E. 

Underground Railway 34 to 36 Mr. John Fowler, C.E. 

With copious Descriptive Letterpress, Specifications, &c. 



*' Handsomely litlu^iraphed and inrinted. It will find favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works." — Engineer. 

Humberts Modern Engineering. Second Series, 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
C.E., M,P., F.R.S., &C. Prices/. 3^* half morocco. 

List of the Plates, 

NAME AND DESCRIPTION. PLATES. NAMK OF ENGINEKR. 

Birkenhead Docks, Low Water Basin z to 15 Mr. G. F. L3r5ter, C.£ 

Charing Cross Station Roof — C. C. Railway. z6 to z8 Mr. Hawkshaw, C.E. 

Digswell Viaduct — Great Northern Railway. 19 Mr. J. Cubi^ C.E. 

Robbery Wood Viaduct— Great N. Railway. 20 Mr. J. Cubitt, C.E. 

Iron Permanent Way SO0 — — 

Clydach Viaduct — Merthyr, Tredegar, and 

Aben^avenny Railway 21 Mr. Gardner, C.E.. 

Ebbw Viaduct ditto ditto ditto 22 Mr. Gardner, C.E. 

College Wood Viaduct — Cornwall Railway . . 23 Mr. Brunei. 

Dubhn Winter Palace Roof 24 to 26 Messrs. Ordish & Le Feuvre. 

Bridge over the Thames— L. C. & D. Railw. 27 to 32 Mr. J. Cubitt, C.E. 

Albort Harbour, Greenock 33 to 36 Messrs. Bell & Miller. 

With copious Descriptive Letterpress, Specifications, &c. 



'' A reswrn/of all die more interesting and important works lately completed in Great 
Britain ; and containing, as it does, carefully executed drawings, with full working 
details will be foimd a valuable accessory to the profession at &rge." — Engineer, 

''Mr. Humber has done the profession rood and true service, by the fine collectioa 
of examples he has here brought before me profession and the public."— i'raf/»r«/ 
Meckanids y<mmal. 
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Humbet^s Modern Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER. 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a lai^e 
scale, and Photographic Portrait of J. R. M 'Clean, Esq., late Pre- 
sident of the Institution of Civil Engineers. Price 3/. -xs. half 
morocco. 

List of Plates and Diagrams. 



Bridge over River Lea. 
Bridge over River Lea. 



MAIN DRAINAGE, METROPOLIS. 

North Side. 

Map showing Interception of Sewers. 
Middle Level Sewer. Sewer under Re- 
gent's Canal. 
Middle Levd Sewer. Junction with Fleet 

Ditch. 
Outfidl Sewer. Bridge over River Lea. 

Elevation. 
Outfall Sswer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. Bridge over Marsh Lane, 

North Woolyrich Railway, and Bow and 

Barking Railway Junction. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Elevation. 
Outfall Sewer. Bri<^e over Bow and 

Barking Railway. Details. 
Outfall Sewer. ^Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Elevation. 
Outfall Sewer. Bridge over East London 

Waterworks* Feeder. Details. 
Outfall Sewer. Reservoir. Plan. 
Outfall Sewer. Reservoir. Section. 
Outfall Sewer. Tiunbling Bay and Outlet. 
Outfall Sewer. Penstocks. 

South Side. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Reservoir and Outlet. 
Plan. 



Reservoir and Outlet. 
Reservoir and Oudet. 
Reservoir and Outlet. 



MAIN DRAINAGE, METROPOLIS, 
continued — 

Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. Filth Hoist 
Sections of Sewers (North and South 

Sides). 

THAMES EMBANKMENT. 

Section of River WalL 

Steam-boat Pier, Westminster. Elevation. 

Steam-boat Pier, Westminster. Details. 

Landing Stairs between Chairing Cross 
and Waterloo Bridges. 

York Gate. Front Elevation. 

York Gate. Side Elevation and Details. 

Overflow and Outlet at Savoy Street Sewer. 
Details. 

Overflow and Outletat Savoy Street Sewer. 
Penstock. 

Overflow and Outlet at Savoy Street Sewer. 
Penstock. 

Steam-boat Pier, Waterloo Bridge. Eleva- 
tion. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 
Junction of Sewers. Plans and Sections. 
Gullies. Plans and Sections. 
Rolling Stock. 
Granite and Iron Forts. 



With copious Descriptive Letterpress, Specifications^ &c. 



Opinions of the Press, 

" Mr. number's works— especially his annual * Record,' with which so many of our 

readers are now familiar — ^fill a void occupied by no other branch of literature 

The drawings have a constantly increasing value, and whoever desires to possess dear 
r^resentations of the two great works carried out by our Metropolitan Board will 
obtain Mr. Humberts last y^xxaM..**— Engineering, 

'* No engineer, architect, or contractor should fail to preserve these records of works 
which, for magnitude, have not their parallel in the present day, no student in the 
profession but should carefully study the details of these great worlcs, which he may be 
one day called upon to uniute.'*— Mechanic's Magazine. 

" A work highly creditable to the industry of its author The volume is quite 

an encyclopaedia for the study of the student who desires t« master the subject 
municipal drainage on its scale of greatest development"— /*nw^*Crt/ Mechanic 
Journal, 
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Humberts Modem Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODEJIN ENGINEER- , 
ING, 1866. Imp. 4I0, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Civil Engineers. Price 3/. 3J. half-morocco. 

List of the Plates and Diagrams. 

KAME AND DESCRIPTION. PLATES. NAME OF BNGINEBB. 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis x to 4 Mr. Bazaleette, C.E. 

Barrow £>ocks a 5 to 9 Messrs. M\^lean & Stillman, 

Manquis Viaduct, Santiago and Valparaiso [€.£. 

Railway 10, 11 Mr. W. Loyd, C.E. 

Adams' Locomotive, St Helen's Canal Railw. 12, 13 Mr. H. Cross, C.E. 
Cannon 3treet Station Roof, Charing Cross 

Railway 14 to 16 Mr. J. Hawkshaw, C. E. 

Read Bridge over the River Moka 17, 18 Mr. H. Wakefield, C.E. 

Telegraphic Apparatus for Mesopotamia .... 19 Mr. Siemens, C. £. 

Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barlow, C.E, 

St Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Brund, C.E. 

Wrought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, C.E. 

Millwall Docks 26 to 31 Messrs. J. Fowler, C.E., and 

William Wilson, a E. 

Milroy's Patent Excavator 32 Mr. Milroy, C. E. 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Engineer-in^ 

Chief, and Mr. T. M. 
Johnson, C.E. 

Harbours, Forts, and Breakwaters A to c 

The Letterpress comprises — 

A concluding article on Harbours, Ports, and Break'WTiters, with 
Illustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a full description of the Wrought- 
iron Diving Cylinder for Ceylon, the circumstances under which it 
was used, and the means of working it ; full description of the 
Millwall bocks ; &c., &c., &c 



Opinions of the Press. 



€€ 



Mr. number's * Record of Modem Engineering ' is a work of peculiar value, as 
well to those who design as to those who study the art of engineering construction. 
It embodies a vast amount of practical information in the form of full descriptions and 
working drawings of all the most recent and noteworthy engineering works. The 
plates are excellently lithographed, and the present volume of the * Record ' is not a 
whit behhid its predecessors." — Mechanic^ Magazine. 

" We gladly welcome another year's issue of this valuable publication from the able 
pen of Mr.^ Humber. The accuracy and general excellence of this work are weQ 
known, while its usefulness in giving the measurements and details of some of the 
latest examples of en^neering, as carried out by the most eminent men in the profes- 
sion, cannot be too highly prized." — Artizan. 

" The volume forms a valuable companion to those which have preceded it, and 
cannot fail to prove a most important addition to every engineering library." — Mining 
Journal, 

" No one of Mr. number's volumes was bad ; all were worth their cost, from the 
lass of plates from well-executed drawings which they contained. In this respect, 
srhaps, this last volume is the most valuable that the author has produced." — PraC' 
7al Mechanic^ youmoL 
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Humberts Great Work on BHdge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, Assoc. Inst. C. E., and M. Inst 
M. E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in this edition), and' numerous 
additions to the Text. In 2 vols. imp. 4to., price 6/. 16s, 6d, half- 
bound in morocco. 

** A very valuable contribution to the standard literature of civil engineerinr. In 
addition to elevations, plans, and sections, large scale details are given, which verv 
xnuch enhance the instructive worth of these illustrations. No engineer would wil- 
lingly be without so valuable a fund of information. ** — CivU Engineer and Architects 
journal. 

**The First or Theoretical Part contains mathematical investigations of the prin- 
ciples involved in the various forms now adopted in bridee construction. These 
investigations are exceedingly complete,, having evidently^ been very carefully con- 
siderecT and worked out to the utmost extent that can be desired by the practical man. 
The tables are of a very useful character, containing the results of the most recent 
experiments, and amongst them are some valuable tables of the weight and cost of 
cast and wrought-iron structures actually erected. The volume of text is amply illus- 
trated by numerous woodcuts, plates, and diagrams : and the plates in the second 
volume do great credit to both draughtsmen and engravers. In conclusion, we have 
great pleasure in cordially recommending this work to our readers." — Artisan. 

** Mr. Number's stately volumes lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Bnmel, Sir W. 
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among oiu 
most eminent engineers, are drawn and specified in great detail" — Engineer. 

Weale's Engineers Pocket-Book. 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (LoCKWOOD & Co.'s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price dr. 
" A vast amount of really valuable matter condensed into the small dimen- 

siens of a book which is, in reality, what it professes to be--a pocket-book 

We cordially recommend the book to the notice of the managers of coal and other 
mines ; to them it wiH prove a handy book of reference on a variety of subjects more 
or less intimately connected with theu- profession." — Colliery Guardian. 

*' Every branch of en^neering is treated of, and facts, figures, and data of every 
kind aboxmd." — Mechanics^ Mag. 

** It contains a laree amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions generally."— J^mtl^ Journal. 

Iron BrictgeSy Girders^ Roofs, &c. 

A TREATISE on the APPLICATION of IRON to the CON- 
STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER 
WORKS ; showing the Principles upon which such Structures are 
Designed, and their Practical Application. Especially arranged for 
the use of Students and Practical Mechanics, all Mathematiod For- 
mulae and Symbols being excluded. By Francis Campin, C.E. 
With numerous Diagrams. i2mo., cloth boards, 3^. 

\kecenily published. 
" For numbers of young engineers the book is just the cheap, handy, first gvdA«' 
they want" — Middlesborouek Weekly News. 

''^ Invaluable to those who have not been educated in mathematics.*'-'C<;//<Ir 
Guardian. 
** Remarkably accuxate and well written."— i4[r/»a«. 
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Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S., to which are added Experiments by Hodgkinson, Fair- 
bairn, and KiRKALDY ; an Essay (with Illustrations) on the effect 
produced by passing Weights over Elastic Bars, by the Rev. 
Robert Willis, M.A., F.R.S. And Formulae for Calculating 
Girders, &c. The whole arranged and edited by W. Humber, 
Assoc. Inst C.K, Author of " A Complete and Practical Treatise 
on Cast and Wrought-Iron Bridge Construction," &c. &c. I>rany 
8vo, 400 pp., with 19 laige Plates, and numerous woodcuts, price 
iSf. cloth. 

I' Although issued as the sixtih edition, the volume under consideratioxi is worthy of 
bdng regarded, for all practical purposes, as an entirely new work . . . the book 
is undoubtedly worthy of Che highest commendation." — Mining JournaL 

** An increased value has been given to this very valuable work by the addition of 
a luge amoimt of information,^ whidi cannot ^ove otherwise than highly useAd to 

those who require to consult it The arrangement and edituig of this 

nass of information has been imdertaken by Mr. Humber, who has most ably fulfilled a 
task requiring special care and ability to render it a success.*' — Meckautic^ MagoMtue. 

'* The best book on the subject which has yet appeared. .... We know of 
DO work that so completdy fulfils its nussaon.**—£ngiisA Mechanic. 

** There is not a pupil in an ennneering school, an apprentice in an engineer's or 
architect's office^ or a competent clerk of works, who will not recognise in the scientific 
volume newly given to circulation, an old and valued friend." — Building News, 

** The standard treatise upon tlus particular subject" — EMgineer. 

Strains ^FormulcB & Diagrams for Calculation of 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
Humber, Assoc. Inst C.E., &c. Fcap. 8vo, with nearly 100 
Woodcuts and 3 Plates, price *J5. 6d. cloth. 

'*The arrangement of the matter in this little volume is as convenieiit as it well 

oonld be The system of employing diagrams as a substitute for a>mplex 

computations is one justly coming into great favour, and in that respect Mr. Humberts 
volume is fully up to the \xaxe&.**— Engineering. ^ 
"The formulae are neatly expressed, and the diagrams good." — A^iemeum, 
"We heartily commend this really kmndy book to our engineer and axcfaitect 
readers." — English Mechanic, 

Mechanical Engineering. 

A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Mechanical Manipulation, Manufac- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By Francis 
Campin, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching, Shearing, and Riveting 
Machines — Blast, Refining, and Reverberatory Furnaces — Steam 
Engines, Governors, Boilers, Locomotives, &c. 8vo, doth, 12s. 
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Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. Sheilds, 
M. Inst C.E. Second Edition, with 5 plates. Royal 8vo, 5^. cloth. 
Contents. — Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 
unequal distances between supports ; Beams uniformly Loaded ; Girders with triangu- 
lar Inracin^ Loaded at centre ; Ditto, Loaded at unequal distances between supports ; 
Ditto, uniformly Loaded ; Calculation of the Strains on Girders with triangular 
Basings ; Cantilevers ; Continuous Girders ; Lattice Girders ; (Orders with Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bow and String 
Girders ; Girders of a form not beloi^ng to any ttpxhix figure ; Plate Girders : Ap- 
portionments of Material to Strain ; Comparison of different Girders ; Proportion of 
Length to Depth of Girders ; Character ofthe Work ; Iron Roofs. 

Construction of Iron B earns ^ Pillars^ &c. 

IRON AND HEAT, Exhibiting the Principles concerned in the 
Construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By James Armour, 
C.£. Woodcuts, i2mo, cloth boards, y, 6d. ; cloth limp, 2s, 6d, 

[Recently published. 
" A very useful and thoroughly practical little volume, in every way deserving of 
circulation amonest working men." — Mining' Journal, 

" No ironworker who wishes to acquaint himself with the principles of his own 
trade can afford to be without it." — South Durham Mercury. 

Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c. 
By James Armour, C.E. With 73 Diagrams. i2mo, cloth 
boards, 3^. (kL [Recently published. 

** Numerous illustrations enable the author to convey hir meaning as eTrpIicitly as 
it is perhaps possible to be conveyed. The value of the theeretic and practical know- 
ledge impsirted cannot well be over estimated." — Newcastle Weekly Chronicle. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
tainmg Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate ofthe 
Royal School of Mines. With numerous Illustrations. Third 
Edition, revised and much enlarged. i2mo., cloth boards, 5x. (yd. 
" Carefully written, it has the merit of brevity and conciseness, as to less important 

points, while all material matters are very fully and thoroughly entered into."-^ 

Standard. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps' and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy, and Formulae and Tables for Facilitating 
their Calculation. By Lieut-General Frome, R.K, late In- 
spector-General of Fortifications, &c. Fourth Edition, Enlarged, 
thoroughly Revised, and partly Re-written. By Captain Charles 
Warren, R.E., F.G.S. With 19 Plates and 115 Woodcuts 
royal 8vo, price ids. cloth. 
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Hydraulics, 



HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. By John Neville, Civil Engineer, M.R.LA. 
Second Edition, with extensive Additions, New Formulae, Tables, 
and General Information on Rain-fall, Catchment-Basins, Drainage, 
Sewerage, Water Supply for Towns and Mill Power. With nume- 
rous Woodcuts, 8vo, idr. cloth. 

%* This work contains a vast number of different hydraulic 
formulae, and the most extensive and accurate tables yet published 
for finding the mean velocity of discharge from triangular, quadri- 
lateral, and circular orifices, pipes, and rivers ; with experimental 
results and co-efficients; effects of friction; of the velocity of 
approach ; and of curves, bends, contractions, and expansions ; the 
best form of channel ; the drainage effects of long and short weirs, 
and weir-basins; extent of back-water from weirs; contracted 
channels; catchment-basins; hydrostatic and hydraulic pressure; 
water-power, &c &c. 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Fifth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of dying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
Sj". dd, cloth. %• Trautwine on Curves, separate, price 5/. 

'* One of the most important text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the volume."— 'Jlff>»tV(^ youmal, 

"The text-book on levelling in most of our engineering schools and colleges." — 
Engineer. 

"The publishers have rendered a substantial service to the profession, especially to 
the younger members, by bringing out the present edition of Mr. Simms's useful work." 
'—Engineering. 

Tunnelling. 

PRACTICAL TUNNELLING ; explaining in Detail the Setting 
out of the Works ; Shaft Sinking and Heading Driving ; Ranging 
the Lines and Levelling Under-Ground ; Sub-Excavating, Timber- 
ing, and the Construction of the Brickwork of Tunnels ; with Uie 
Amount of Labour required for, and the Cost of the various Por- 
tions of the Work. By Fredk, W. Simms, F.R.A.S., F.G.S., 
M. Inst. C.E., Author of **A Treatise on the Principles and 
Practice of Levelling," &c &c. Second Edition, revised by W. 
Davis Haskoll, Civil Engineer, Author of "The Engineer's 
Field-Book," &c. &c. With 16 large folding Plates and numerous 
Woodcuts. Imperial 8vo, i/. \s, doth* 
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Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By the late Thomas Tredgold, Mem. 
Inst C.E., Author of ** Elementary Principles of Carpentry," &c. 
Fifth Edition, Edited by Eaton Hodgkinson, F.R.S. ; to 
which are added EXPERIMENTAL RESEARCHES on the 
STRENGTH and OTHER PROPERTIES of CAST IRON. 
By the Editor. The whole Illustrated with 9 Engravings and 
numerous Woodcuts. 8vo, 12s, cloUi. 

\* Hodgkinson *s Experimental Researches on the 
Strength and Other Properties of Cast Iron may be had 
separately. With Engrarings and Woodcuts. 8vo, price or. cloth. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plan, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst C.E., &c &c. With 28 fine Plates, 
8vo, idf. 6^. cloth. 

"A work like this, which goes thoroughl^r into the examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
in every scientific library."— sJ/tfawf Shipping ChronicU, 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : then- Strength, Con- 
struction, and Economical Working. By Robert Wilson, late 
Inspector for the Manchester Steam Users' Association for the 
Prevention of Steam Boiler Explosions, and for the Attainment of 
Economy in the Application of Steam. i2mo, cloth boards, 328 
pages, price 6s, 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat-pocket size, price 31. 6d, 

" Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument — no nmali advantage as regards the rapidity 
of work. They are clearly printed, and compactly fitted into a small case for thfr 
pocket — an arrangement tliat will recommend them to all practical men.** — Enguutr, 

" Very handy : a man may know that all his day's work must fall on two of these 
cards, wnich he puts into his own card-case, and leaves the rest behind."— v4M«»<rMW. 

Laying Out Curves. 

THE FIELD PRACTICE of LAYING OUT CIRCULA. 
CURVES for RAILROADS. By John C. Trautwine, C.E* 
(Extracted from Simms*s Work on Levelling). 8vo, 5^. sewed. 



lo WORKS PUBLISHED BY LOCKWOOD & CO. 

Estimate and Price Book. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND PRICE BOOK for Home or Foreign Service : 
in reference to Roads, Railways, Tramways, Docks, Harbours, 
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water- 
works, Gasworks,. Stations, Barracks, Warehouses, &c. &c. &c 
With Specifications for Permanent Way, Tel^;raph Materials, 
Plant, Maintenance, and Working of a Railway ; and a Priced List 
of Machinery, Plant, Tools, &c. By W. D. Haskoll, C.E. 
Plates and Woodcuts. Published annually. 8vo, cloth, dr. 
" As fumishme a variety of data on every conceivable want to civil engineers and 
contractors, this book has ever stood perhaps unrivalled."— ylnr^tV^f/. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. , 
Author of "The Engineer's Field Book," "Examples of Bridge 
and Viaduct Construction," &c. Demy 8vo, price I2J. 6^. clol£, 
with 14 folding Plates, and numerous Woodcuts. 
** A most useful and well arranged book for the aid of a student .... We 

can strongly recommend it as a carefully- written and valuable text-book." — Builder. 
*' Mr. Haskoll has knowledge and experience, and can so give exi>ression to it as 

to make any matter on which he writes, clear to the yoimgest pupil in a surveyor's 

office." — Colliery Gtutrdian. 
'* A volume which cannot fail to prove of the utmost practical utility. .... It 

is one which may be safely recommended to all students who aspire to become clean 

and expert siurveyors.** — Mining youmal. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoll, C.E. Numerous folding Plates. Demy 8vo, 2 
vols, in one, cloth boards, i/. \s, (published at 2/. 4r.) 

Mining Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER»S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties: to which is appended M. THOMAN'S (of 
the Credit Mobilier, Paris) TREATISE on COMPOUND IN- 
TEREST and ANNUITIES, with LOGARITHMIC TABLES. 
By William Lintern, Mining and Civil Engineer, i2mo, 
strongly bound in cloth boards, with four Plates of Diagrams, 
Plans, &c., price \os, 6d. [Just published. 

"Contains much valuable information given in a small compass, and which, as far 
as we have tested it, is thoroughly trustworthy." — Iron and Coal Trades Review, 
The matter, arrangement, and illustration of this work are all excellent, and make 

one of the best of its \aniL"— Standard, 
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JFire Engineering, 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in EngHsh 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 ppt., demy 8vo, price i/. 4r. doth. 
"We can most hesurtily commend this book. .... It is really the only English 
work we now have upon the subject." — Engineering. 

** We stroi^Iy recommend the book to the notice of all who are in any way in- 
terested in fir», fire^ngines, or fire-brigades." — Mecheimc^ Mageuane, 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
l2mo. With an Atlas of Plates, containing 235 Illustrations. 4to. 
Tc^ether, price 9Lr. cloth boards. \Recently published, 

** Students in the Science of Mining, and not only they, but subordinate officials in 

mines, and even Ovennen, Captains, Managers, and viewers may gain practical 

knowledge and useful hints by the study of Mr. Moigans's ManuaL** — CelUery 

G$uirdiaH. 

"A very valuable work, which will tend materially to improve our mining likem" 

tuxe.**— Mining youmal. 

Gas and Gasworks. 

A TREATISE pn GASWORKS and the PRACTICE of 
MANUFACTURING and DISTRIBUTING COAL GAS. 
By Samuel Hughes, C.E. Third Edition, revised by W. 
Richards, C.E. With 68 Woodcuts, bound in cloth boards, 
l2mo» price 41. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geolc^cal Formations of 
England as influencing Supplies of Water. By Samuel Hughes, 
F.G.S., Civil Engineer. New and enlarged edition, i2mo, doth 
boards, with numerous Illustrations, price 5j. \yust pMiskid, 

** One of the most convenient, and at the same time reliable works on a subject, 
the. vital importance of which cannot be over-estimated.'* — Bra^ord Observer. 

Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Warington W. Smyth, M.A., F.R.S., &c.. Chief Inspector 
of the Mines of the Crown and of the Duchy of Cornwall. New 
edition, revised and corrected. i2mo., cloth boards, with nume- 
rous Illustrations, price 4^. dd. 
" Every portion of the volume appears to have been prepared with much care, and 
as an ouUme is given of every known coal-field in this and other countries, as well as 
of the two principal methods of woricing, the book will doubtless interest a very 
large number of readers." — Mining yournal. 

Certainly experimental skill and rule-of-thumb practice would be greatly en- 
riched by the addition of the theoretical knowledge and scientific information which 
Mr. Warington Smyth communicates in combination with the results of his own ex- 
perience and personal research."— C^iVy^ Gitardian. 
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Field-Book far Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, Civil 
Engineer. Third Edition, much enlarged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readm£[S of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep, cal- 
' culated for every 6 inches in depth. With numerous wood-cuts, 
i2mo, price I2J-. cloth. 

"A very useful work for the practical engineer and surveyor. Every person 
engaeed in engineering field operations will estimate the importance of such a work 
and uie amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the accuracy and fulness of those given in this volume."— J?«i^ 
way News. 

** The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuiAe traverse tables existmg all the same.*' — Aihenaum, 

" The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.— il/m»^ 
youma/, 

" We strongly recommend this second edition of Mr. Haskoll's ' Field Book' to all 
classes of surveyors." — Collury Guarduut, 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s, 6d, cloth. 
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' As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will find a great amount of practical information very admirably arranged* and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices."— ^r/won. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS. By 
Thomas Stevenson, F.R.S.E., M.I.C.E. Reprinted and en- 
larged from the Article ** Harbours," in the Eighth Edition of " The 
Encyclopaedia Britannica." With 10 Plates and numerous Cuts. 
8vo, lOr. 6d, doth. 

Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. By Frederick W. Simms, M. Inst. 
C.E., Author of ** Practical Tunnelling," &c. Third Edition, with 
numerous Cuts. l2mo, price 3J. 6^. cloth. 
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Sridge Construction in Masonry y Timber ^ & Iron, 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of seleet 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. I2J. (>cU 
lialf-morocco. 
** One of the very few works extant descending to the level of ordinary routine, and 
treating on the common cvery-day practice of the railway engineer. . . . ^ work of 
the present nature by a man of Mr. HaskoU's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its •vaXyx't.**— Engineering. 

JUatkematicallnstruments, their Constrtcctiony &c, 

MATHEMATICAL INSTRUMENTS : their CONSTRUC- 
TION, ADJUSTMENT, TESTING, AND USE; comprising 
Drawing, Measuring, Optical, Surveying, and Astronomical Instru- 
ments. By J. F. Heather, M.A., Author of "Practical Plane 
Geometry," "Descriptive Geometry," &c. Enlarged Edition, for 
the most part entirely rewritten. With numerous Wood-cuts. 
i2mo, cloth boards, price 5^. [Now ready. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price Sj*. cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 laige folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, \zs. cloth. 

"The standard text-book for all engineers regarding skew arches, is Mr. Buck's 
treatise, and it would be impossible to consult a better." — Engitieer. 

WeaUs Series of Rudimentary Works. 

These highly popular and cheap Serlee of Books, now comprising 
nearly Three Hundred distinct Works in almost every department of 
Boienoe, Art, and Education, are recommended to the notice of Xn- 
gineers, Architects, Bnilders, Artisans, and Students generally, as well 
as to those interested in Workmen's Ijibraries, Free libraries, Iiiterary 
and Scientific Institntions, Colleges, Schools, Science Glasses, Asc., dbo. 
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lilsts may be had on application to IjOOKWOOX) ds 00. 



Wealds Dictionary of Terms in Architecture^ 
Engineering^ Arty &c. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHiEOLOGY, the FINE ARTS, &c. By John Weale, 
Fourth Edition, enlarged and revised by Robert Hunt, F.R.S., 
Keeper of Mining Records, Editor of *' Ure's Dictionary of Arts," 
&c. i2mo, cloth boards, price 6s. ]jfust pitblished. 



ARCHITECTURE, &c. 

Canstrtution. 

THE SCIENCE of BUILDING : an Elementary Treatise on 

the Principles of Construction. By E. Wyndham Tarn, M.A., 

Architect. Illustrated with 47 Wood Engravings. Demy 8vo, 

price %s, 6d. cloth. \ReceKtly published* 

•* A very valuable book, which we strongly recommend to all students." — Builder. 

"While Mr. Tarn's valuable little volume is quite sufficiently scientific to answer 

the purposes intended, it is written in a style that will deservedly make it popular. 

The diagrams are numerous and exceedingly well executed, and the treatise does 

credit aluce to the author and the "pnh^i^ntr. —-Engifuer. 

'*No architectural student should be without this hand-book of constructional 
knowledge." — Architect. 

** The book is very far from being a mere compilatim ; it is an able digest of 
information which is only to be found scattered through various works, and contains 
more really original writing than many putting forth far stronger claims to originality." 
—Engineering. 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters* 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of * Quantities and 
Measurements.' 33 Woodcuts. Leather, waistcoat-pocket size. 2j. 

Beaton's Builders^ and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containmg a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, with a Treatise on the Measurement of 
Timbers, and Complete Specifications for Houses, Roads, and 
Drains. By A. C. Beaton, Author of * Quantities and Measure- 
ments.' With 19 Woodcuts. Leather. Waistcoat pocket size. 2j. 

\Now ready. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; bemg a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of 
England," &c. First Series, consisting of 30 Plates ; Second 
Series, 31 Plates. Complete in i vol., 4to, price 2/. loj. half 
morpcco. Either Series separate, price i/. 7j. each, half morocco. 
^ The whole of the designs bear evidence of their being the work of an artistic 

architect, and they will prove very valuable and suggestive to architects, students, and 

amateurs." — BuiUiing News. 

The Architect's Guide. 

THE ARCHITECT'S GUIDE ; or, Office and Pocket Com- 
panion for Engineers, Architects, Land and Building Surveyors, 
Contractors, Builders, Clerks of Works, &c. By W. Davis 
Haskoll, C.E., R. W. Billings, Architect, F. Rogers, and 
P. Thompson. With numerous Experiments by G. Rennie, 
C.E., &c. Woodcuts, i2mo, cloth, price 3J. dd. 
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Vitruviui Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.R.A.S. 
Numerous Plates. i2mo, cloth limp, price 5^. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
wick, Architect, Author of " The Palace of Architecture," &c. &c. 
Second Edition, With numerous Woodcuts. 8vo, yj., extra cloth. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a ** Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, 7j. 6//., boards. 

Contents. — I. Practical Rules on Drawing— -Outlines. II. Ditto— the Grecian 
and Roman Orders. III. Practical Rules on Drawing— Perspective. IV. Practical 
Rules on Light and Shade. V. Practical Rules on Colour, &c. &a 

Drawing for Engineers y &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, South Kensington. Second Edition, carefully revised. 
With upwards of 300 Plates and Diagrams. i2mo, cloth, 
strongly bound, 4^. (id, [Now ready. 

** Even accomplished draughtsmen will find in it much that will be of use to them. 
A copy of it should be kept for reference in every drawing office." — Engineering, 

"An indispensable book for teachers of engineering 6xvrimg.** —- Meck€tnic^ 
Magasine, 

CottageSy Villas^ and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES ; being the Studies of several eminent 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each. 
In 4to, with 67 plates, price i/. ix., cloth. 

Builders Price Book. 

THE BUILDER'S AND CONTRACTOR'S PRICE BOOK. 
(Lockwood & Co.'s) with which is incorporated Atchley's Builder's 
Price- Book and the Illustrated Price-Book for 1874, containing the 
present prices of all kinds of Builders* Materials and Labour, and 
of all Trades connected with Building, with Memoranda and 
Tables required in making Estimates and taking out quantities, and 
Lists of the Members of the Metropolitan Board of Works, of 
Districts, District Officers, and District Surveyors, and the Metro- 
politan Bye-laws, with Five Plates, containing Plans, Elevations, 
and Views of Mansions, Villas and Cottages, and a Specification. 
Crown 8vo, strongly bound, price 4J. 



Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing- 
up Specifications and Contracts for Works and Constructions. 
lUustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c., &c., and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of British 
Architects, Professor of Architecture and Construction, University 
College, London, M.I.B.A., Member of the various European 
Academies of the Fine Arts. With A Review of the Law of 
Contracts, and of the Responsibilities of Architects, Engineers, 
and Builders. By W. Cunningham Glen, Barrister-at-Law, of 
the Middle Temple. 2 vols., 8vo, with upwards of iioo pp. of 
text, and 33 Lithographic Plates, cloth, 2/. 2^. (Published at 4/.) 

" In these two volumes of x, xoo p^pes (together), for^-four specifications of executed 
Works are given, including the specifications for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. The 
latter, in particular, is a very complete and remarkable document It embodies, to a 
great extent, as Mr. Donaldson mentions, * the bill of quantities, with the descriptioik 
of the works,' and occupies more than xoo printed pages. 

'* Amongst the other known buildings, the specifications of which are given, are 
the Wiltshire Lunatic Asylum (Wyatt and Brandon) ; Tothill Fields Prison (R. Abra- 
ham) ; the City Prison, Holloway (Bunning) ; the High School, Edinburgh (Hamilton) ; 
Clothworkers' Hall, London (Angel) ; Wellmgton College, Sandhurst (J. Shaw) ; 
Houses in Grosvenor Square, and elsewhere ; St George's Church, Doncaster 
(Scott) ; several works of smaller size by the Author, including Messrs. Shaw's Ware^ 
house in Fetter Lane, a verv successful elevation ; the Newcastle-upon-Tyne Railway 
Station (J. Dobson) ; new Westminster Bridge (Page) ; the High Level Bridge, New- 
castle (R. Stephenson) ; various works on the Great Northern Railway (Brjrdone) : 
and one French specification for Houses in the Rue de Rivoli, Paris (MM. Armand, 
Hittorff, Pellechet, and Rohault de Fleury, architects). The last is a very elaborate 
composition, occupying seventy pages. The majority of the specifications have illus- 
trations in the shape of elevations and plans. 

" We are most elad to have the present work. It is valuable as a record, and more 
valuable still as a book of precedents. 

'* About 140 pages of the second volume are appropriated to an exposition of the 
law in relation to the legal liabilities of engineers, architects, contractors, and buflders, 
by Mr. W. Cunningham Glen, Barrister-at-law ; intended rather fur those persons 
than for the legal practitioner. Suffice it, in conclusion, to say in words wnat our 
readers vdll have gathered for themselves from the particulars we have given, that 
Donaldson's Handbook of Specifications must be bought by all architects." — BuUdtr^ 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. With numerous Illustrations. 
Demy 8vo, price 15J., cloth. 

*«* A volume of specifications ofa practical'character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. Some of the specifications he has so altered 
as to bring in the now universal use of concrete the improvements in drainage, the 
use of iron, glass, asphalte, and other material. He has also inserted specifications 
of works that have been erected in his own practice. 
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Grantham's Iron Ship-Buildings enlarged. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, i2mo, cloth limp, also considerably enlarged. 
By John Grantham, M. Inst. C.E., &c Price 2/. 2j. complete. 

Description of Plates, ^ 



9. 



4«. 
5. 



8. 



xo. 



XX. 

la. 



13. 



14. 
as. 



xyiy 



Hollow and Bar Keds, Stem and 
Stem Posts. [Pieees. 

Side Frames, Flooring, and Bilge 

Floorings r<w/m«tf</—- Keelsons, Deck 
Beams, Gunwales, and Stringers. 

Gunwales continued — Lower Decks, 
and Orlop Beams. 

Gimwales and Deck Beam Iron. 

Angle-Iron, T Iron, Z Iron, .Bulb 
Iron, as Rolled for Building. 

Rivets, shown in section, natural size : 
Flush and Lapped Joints, with 
Single and Double Riveting. 

Plating, three plans ; Bulkheads and 
Mocks of Securing them. 

Iron Masts, with Longitudinal and 
Transverse Sections. 

Sliding Keel, Water Ballast.Moulding 
the Frames in Iron Ship Building, 
Levelling Plates. 

Longitudinal Section, and Half- 
breadth Deck Plan of Large Vessels 
on a reduced Scale. 

Midship Sections of Three Vessels. 

Large Vessel^ showing Details — Fore 
End in Section, and End View, 
with Stem Post, Cmtches, &c. 

Large K«'Xf^/,showing Details — -^i^r 
End in Section, with End View, 
Stem Frame for Sarew, and Rudder. 

Lar^e K(rM'«/, showing Details— Jlfu/- 
sktp SectionAaHf breadth. 

Machines for Punching and Shearing 
Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 

Beam-Bending Machine, Indepen- 
dent Shearing, Punching and Angle- 
Iton Machine. 



15^. Double Lever Punching and Shearing 
Machine, arranged for cutting 
Angle and T Iron, with Dividing 
Taue and Engine. 

16. Machines.— Gaaiartlt^s Riveting Ma« 

dune. Drilling and Counter-Smking 
Machine. 
160. Plate Planing Machine. 

17. Air Furnace for Heating Plates and 

Angle-Iron : Various Tools used in 
Riveting and Plating. 

18. Gunfwaie ; Keel and Flooring ; Plan 

for Sheathing with Copper. 
18a. Grantham's Improved Plan of Sheath- 
ing Iron Ships with Copper. 
Illustrations of the Magnetic Condi- 
tion of various Iron Ships. 
Gray's Floatine Compass and Bin- 
nacle, with Aqjusting Magnets, &c. 
Corroded Iron Bolt in Frame of 
Wooden Ship ; Jointing Plates. 
Great Eastern — Longitudinal Sec- 
tions and Half-breadth Plans — Mid- 
ship Section, with Details — Section 
in Engine Room, and Paddle Boxes. 
Paddle Steam Vessd of Steel. 
27. Scarbrough — Paddle Vessel of Sted. 
28-9. Proposed Passenger Steamer. . 
30. Persian — Iron Screw Steamer. 

Midship Section of H.M. Steam 

Frigate, Warrior. 
Midship Section of H.M. Steam 

Frigate, Hercules. 
Stem, Stem, and Rudder of H.M. 

Steam Frigate, Bellerophon, 
Midship Section of H.M. Troop Ship» 

Serais. 
Inm Floating Dock. 



19. 



ao. 



2X. 



32-4. 



25-6. 



3«« 

32. 
33- 
34. 



35 



*' An enlarged edition of an daborately illustrated yroA^**— Builder. 

" This edition of Mr. Grantham's work has been enlarged and improved, both with 
respect to the text and the en^^vings bein^ brought down to the present period. . . . 
The practical operations required in producmg a shipare described and illustrated with 
care and precision.'* — Mechanic^ Magazine. 

" A thoroughly practical work, and every question of the many in relation to iron 
shipping which admit of diversity of opinion, or have various and conflicting personal 
interests attached to them, is treated with sober and impartial wisdom and good sense-. 
.... As good a volume for the instruction of the pupil or student of iron naval 
architecture as can be found in any langaaigc.**—Practicai Mechanics* youmal. 

** A very daborate work. ... It forms a most valuable addition to the history 
of iron shipbuilding, while its having been prepared by one who has made the subject 
his study tor many years, and whose qualifications have been repeatedly recognised, 
wUl recommend it as one of practical utility to all interested in shipbuilding."— ylrm^ 
mud Navy Gazette, 
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CARPENTRY, TIMBER, &c. 

TredgoLTs Carpentry, new, enlarged, and cheaper 
Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY ; 

a Treatise on the Pressure and Eqailibrium of Timber Framing, the 
Resisttmce of Timber, and the ConEtrndion of Floors, Ardies, 
Bridges, Roo^ Unitii^Ironand Stone with UmbcTi&c. Towhich 
is added an E^say on the Nature and Properties of Timber, &c., 
with Desdiptioiis of the Kinds of Wood nsed in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materitds, &c. By Thomas Tbedgold, 
C.E. Edited by Peter Barlow, F.R,S. Fifth Edition, coi^ 
rected and enlaived. With 64 Plates {11 of which now first appear 
in this edition), Portrait of the Author, and several Woodcuts. lu 
I voL, 4to, published at z/. zj., reduced to i/. 5^., doth. 
" 'TrMlffoUl's CirpentTy* ought 1a be in every an:hitect'B and every biu]der*s 
CbTBTV, and tha« waa do not already posKSl it ouahE Co avul thcnuelves t£ Che nov 

penCry i& concenxd, liie Author's pnociptu Are nthcr coniimicd Chan impured by 
doH, and, u now proentcd, combict the lurcit base wich the most ■ntercsciiig' display 
of progressive science. The additiDoal plates are of great iiiCiijiuc value,*'*— jVni^xfiif 

"'Tndgold's Caipentry' hu ever heldahigh poiition, and Che isiue of the fifUi 
e^ciod, in a Btlil mora improved and enlarged fonn, wiU ^ve aatiafacCion to a very 
Uree number of artipaiia who desire to raise Chcmselves in their bioinsa, and who 
vsSl to do Ed by di^Uyin^ a greater amount of knowledge and intelligence Chan Cheir 
fellow-worktnen. It u aa complete a work as need be desired. To the superior 
vorkman the volume wtll prove mvaluable ; it contains treatises written in language 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
and BUILDER'S STANDARD GUIDE. By Richard E, 
Grandy. Comprising ;— An Analysis of Deal Standards, Home 
gn, with comparative Values and Tabular Anangements 
[ Nett Landed Ccist on Baltic and North American Deals, 
all intennediate Expenses, Freight, Insurance, Duty, &c., 
^ther with Copious Information for the Retailer and 

llmo, price "js. dd. cloth, 
t previids to he : builc up gradnaJly, it leadi oae from a forest to a 
wi in, as a makcwdghl, ahoGt oT matefial cooceniing bncks, coluimu, 
I that Che class to whom it appeals re-^uirea."— £i«f7uA Meviaiuc. 
icultywehaveisBstowhat IS voTiniCspages. what we have tested 
ken at random, is invatiably correct." — lUustrattdBui&iet's Jeuntai, 

" Pach'ng-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing- Cases, from six inches square and 
upwards. Compiled by William Richardson, Accountant 
Oblong 4to, cloth, price 31. W. 
"Wai save much labour and calcniicion to packing-case maken and those irto us 
padcingrcaies."— OiKff. " Invaluable labour^aving cables."— /nwiwojifrr. 



WUKKS rUiiL.lbllED UY JLOCKWOUU & CO. 19 



NicholsofCs Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing; by George Pyne. With 74 Plates, 4to, i/. u. doth. 

Dowsing' s Timber Merchant' s Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One t<J a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant Second Edition. Crown 8vo, 3J. cloth. 

" Everything is as concise and dear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it." — Hull Advertiser. 

Timber Freight Book, 

THE TIMBER IMPORTERS' AND SHIPOWNERS* 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By William 
Richardson, Timber Broker, author of ** Packing Case Tables," 
&c. Crown 8vo, cloth, price 6j. 



MECHANICS, &c. 



Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP CO 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAl 
TICAL ASSISTANT ; comprising a great variety of the most 
useftd Rules in Mechaniod Science; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of "The Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Eleventh Edition, with Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. l2mo, 5j. bound. \_Recently published, 

" As a text-book of reference, in which mechanical and commercial demands are 
judiciously met, TsMPLSTaN's Companion stands unrivalled.'* — Mechanic^ Magazme, 

'* Admkably adapted to the wants of a very lar^^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
xnea who, in a great measure, owe their rise in life to this litde work." — Building News, 



Engineers Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Usefiil 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templeton. 5th Edition. i8mo, 2s,6d. cloth, 

** So much varied information compressed into so small a space, and published at a 
price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our readers." — Mechanics^ Magazine, 

" Every mechanic should become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made." 
—Building I^ews, 

Designings Measuring^ and Valuing. • 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS ; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and several useful Tables for facilitating Calculations and 
Measurements. By E. Wyndham Tarn, M.A., Architect. 8vo, 
lar. (id, cloth. {Recently published. 

" This useful book should be in every architect's and builder's office. It contains 
a vast amount of information absolutely necessary to be known.'' — The Irish Builder, 

" The book is well worthy the attention of the student in architecture and surveying, 
as by the careful study of it his progress in his profession will be much facilitated."— 
Mining Journal. 

" We have failed to discover anything connected with the building trade, from ex- 
cavating foundations to bell-hanging, uiat is not fully treated upon in this valuable 
work. " — "Fhe A rtizan. 

" Mr. Tarn has well performed the task imposed upon him, and has made many 
further and valuable additions, embodying a large amount of information relating to 
the technicalities and modes of construction employed in the several branches of the 

building trade. From the extent of the information which the volume 

embodies, and the care taken to secure accuracy in every detail, it cannot fail to prove 
of the highest value to students, whether training in the offices of provincial surveyors, 
or in those of London practitioners." — Colliery Guardian, 

" Altogether the book is one which well fulfils the promise of its title-pa^e, and we 
can thoroughly recommend it to die class for whose use it has been compiled. Mr. 
Tarn's additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to students. Finally, it is only just to the pub- 
lishers to add that the book has been got up in excellent style, the typography being 
bold and clear, and the plates very well executed." — Engineering. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c. By James Haw«» 
KINGS. Fcp. y, 6d, cloth. 
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MATHEMATICS, &c. 

» • 

Gregory s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — ^comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College ; Author of ** A Course of 
Mathematics," &a With 13 Plates. Medium 8vo, i/. \s, cloth. 

" As a standard work on mathematics it has not been excelled." — Artizetn, 
" The engineer or architect will here find ready to his hand, rules for solving nearly 
every mathematical difficulty that may arise in his practice. As a moderate acquaint- 
ance with arithmetic, algebra, and elementary geometrjr is absolutely necessary to the 
proper understanding of the most useful portions of this book, the author very wisely 
has devoted the first three chapters to those subjects, so that the most ignorant may be 
enabled to master the whole of the book, without aid from any other. Tbe rules are in 
aU cases explained by means of examples, in which every step of the process is clearly 
worked out." — Builder. 

'* One of the most serviceable books to the practical mechanics of the country. . 
The edition of 1847 was fortunately entrusted to the able hands of Mr. Law, who 
revised it thoroughly, re-wrote many chapters, and added several sections to those 
which had been rendered imperfect by advanced knowledge. On examining the various 
and many improvements which he introduced into the work, they seem^ almost like a 
new structure on an old plan, or rather like the restoration of an old ruin, not only to 
its former substance, but to an extent which meets the larger requirements of modem 

times In the edition just brought out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 
paragraphs here and there, and corrected the numerous typographical errors which 
have escaped the eyes of the former Editor. The book is now as complete as it is 

possible to make it We have carried our notice of this book to a greater 

length than the space allowed us justified, but the experiments it contains are so 
interesting, and the method of describing them so clear, that we may be excused for 
overstepping our limit. It is an instructive book for the student, and^ a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
r^resh his memory upon ^em." — Buiidittg Nevus. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 

Standard Measures and Weights are compared with those of the 

Metric System at present in use on the Continent By C. H. 

DowLiNG, C. E. Second Edition, revised and enlarged. 8vo, 

lar. (id. strongly bound. 

" Mr. Dowling's Tables, which are well put together, come just in time as a ready 
leckoner for the conversion of one system into the Q'CtiXx**—Athefueum. 

" Their accuracy has been certified by Professor Airy, the Astronomer-RoyaL"— 
Builder. 



«(' 



Resolution 8.— That advantage will be derived from the recent publication of 
Metric Tables, by C H. Bowling, Q..^**^Report ^ Section F^ British Asscciatisn, 
Bath. 
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Inwood's TableSy greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart's Five Tables of Compotuid 
Interest, and an £jd:ension of the same to Lower and Intermediate 
Rates. By William Inwood, Architect The 19th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. F&dor Thoman, of the l^ciete 
Credit Mobilier of Paris. i2mo, %5. cloth. 

%* This edition {the 19M) dijfers in many important particular's 
from former ones. The changes consist^ first, in a more convenient 
and systematic arrangement oftheorigincU Tables^ and in the remavcU 
of certain numerical errors which a very careful revision of the whole 
has enctbled the present editor to discover ; and secondly, in the 
extension of practiced utility conferred on the work by the introduction, 
of Tables now inserted for the first time. This new and important 
matter is all so much actually added to Inwood's Tables ; nothing^ 
has been abstracted from the original collection: so that those who hen/t 
been long in the habit of consulting In WOOD for any special proftS" 
sional purpose will^ as heretofore, find the information sought still in 
its pages. 

** Those interested in the purchase and^ sale^ of estates, and in the adjustmfent off 
compensation case^ as well as in transactions in annuities, life insurances, &c, will 
find the present edition of emment ssvnxx,**— 'Engineering. 

Geometry for the Architect ^ Engineer ^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M. A., Architect, Author of " The Science of Building," &c 
With 164 Ulustrations. Demy 8vo. I2j. 6d. 

" No book with the same objects in view has ever been published in which the 
clearness of the rules laid down and the illustrative diagrams have been so satis- 
£stctory. " — Scotsman. 

Compound Interest and A nnuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By FfeDOR Thoman,- of the Societe Credit MobiUer, 
Paris. i2mo, doth, 5^-. 

' A very powerful work, and the Authcnr has a very remarkable command of his 
x^^^fA**— Professor A. de Morgan. 

'* We recommend it to the notice of actuaries and accountants."— ^/>i«»4niMW. 
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SCIENCE AND ART. 



The Military Sciences. 

AIDE-MJ£M0IRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Rojral Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
doth boards, and lettered, price 4/. lar. 

"A compendious encyclopflcdia of military knowledge, to which we are greatly in- 
debted."— ^c^m^K^A Review. 

** The most comprdiensive work of reference to the military and collateral sciences. 
Among the list of contributors, some seventy-seven in number, will be found names of 
the highest distinction in the services.** — Folunteer Service Gazette, 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwidh. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, price 12J, complete. 

Naval Science. Edited by E. y. Reedy C.B. 

NAVAL SCIENCE : a Quarterly Magazine for Promoting the 
Improvement of Naval Architecture, Marine Engineering, Steam 
Navigation, and Seamanship. Edited by £. J. Reed, C.B., late 
Chief Constructor of the Navy. Copiously illustrated. Price 2*6^. 
No. 7, October, 1873, now ready. (Vol. I., containing Nos. I to 3, 
may aiso be had, cloth boards, price YOs^.dd.) 

*#* TTie Contributors include the most Eminent Authorities in the several 

branches of the ctbove subjects. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J. 
W. Slater. Post 8vo, cloth, price 7j. 6d. 

** A complete encyclopaedia of the materia tinctoria. The information given 
respecting each article is full and precise, and the methods of determining the value 
of articles such as these, so liable to sophistication, are given with clearness, and are 
practical as well as valuable."— CiiMW»/ and Druggist, 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Ma|, 

netism, Diamagnetism, Electro-Dynamics, Magno- Electricity, ana 

the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 

Lecturer on Chemistry at St. George's HospitaL Fourth Edition, 

entirely rewritten. Illustrated by 500 Woodcuts. 8vo, i/. 4^. doth. 

"The commendations already bestowed in the pages of the Lancet on the former 
editions of this work are more than ever merited by the present. The accoimts given 
of electricity and galvanism are not only complete m a scientific sense, but, which is a 
rarer thing, are popular and interesting."—- ZraiKv/. 
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Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY: in- 
eluding MagnetiEm, Voltaic Electricity, Electro-Magnetism, I>ia- 
magnetism. Magneto- Electricity, Thenno-Eiectricity, and Electric 
Tel^raphy. &ing a Condensed R^umi of the Theory and Ap- 

iilication of Electrical Science, including its latest Practical Deve- 
opments, particularly as reUtinglo Aerial and Submarine Tele- 
graphy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at 
St. George's Hospital. Post Svo, 40a Uldstrations, I2i. bd. cloth. 
"WecanrKomiDeiid Dr, Jioad'i book forclcaTstylciErealrviEeofiu^eclia ffi>od 
iiKtcK, find a pklhoja of woodcuts. " — AthtnauiK. 
" A molt ebbor&tc compilatioo of the facb of electricity and ma^etlatn, and of the 

" Oeat, CDmpendioua, compact, well illiiatnted, and well printed." — Latvtt. 
" We can stronsLy recomioend the work, asan admirable text-book, to every student 
.—beginner or advanced — of electricity." — En^iiueriHg. 



L electricity containing 
implctc araAj^nf facta." — En^tiih ^nAamc. 

Rtidimentary Magnetism. 

RUDIMENTARY ^f AGNETISM : being a concise exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. SnoW Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
NoAD, Ph.D. With i6s Woodcuts. i2mo, cloth, 4J. bd. 
" There ifl a food index, and this volume of 41a paaes maybe considered the beat 
possible maoual on the subject of rmij^netiBm." — Meckank^ Magatine. 

it jsposbbieco write."— £>f^ifHi J/fcAon^. 
" Xol only will the identific scudeiit find thii volume an invaluable book of tefer- 



CAemical Analysis. 



THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS : or Practical Instructions for the determination of the In- 
Commercial Value of Substances used in Manufactures, 
I, and in the Arts. By A. Normandy, Author of " ftac- 
Txluction to Rose's Chemistry," and Editor of Rose's 
e of Chemical Analysis." Illustrated with Woodcuts. 
ditum of this work, raiisedhyDr. Noad,isinprcparaSon.) 
ind tins book to the careful perusal of every one : it maf be truly 
umversal intere^ and we stronAly rcconunend it 10 our roiden ai a 
pensable to the housewife as lo the pharmaceudcal practitioner. ''~- 

st^wotk on the subject the English press has yet prDduced,"-^Jf^ 
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Science and Art. 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex- 
hibiting the most important Improvements and Discoveries of the 
Fast Year in Mechanics and the Useful Arts, Natural Philosophy, 
Electricity, Chemistry, Zoology and Botany, Geology and Mine- 
ralogy, Meteorology and Astronomy. By John Times, F.S.A., 
Author of "Curiosities of Science," "Things not Generally 
Known," &c. With Steel Portrait and Vignette. Fcap. 5^. cloth. 

** This work, published annually y records the proceedings of the 
principal scientific societies, and is indispensctble to all who wish to 
possess a faithful record of the latest novelties in science and the arts. 

The back Volumes, from 1861 to 1874, each containing a Steel 
Portrait, and an extra Volume for 1862, with Photograph, may still 
be had, price 5^. each. 

'* Persons who wish foi^ concise annual summary of important scientific events will 
find their desire in the * Year Book of Facts.* " — AthetuBum. 

** The standard work of its class. Mr. Timbs's ' Year Book ' is always full of sugges- 
tive and intefesting matter, and is an excellent risumt of the year's progress in the 
sciences and the zx\&^— Builder. 

" A correct exponent of scientific progress .... a record of abiding interest If 
anyone wishes to know what progress soence has made, or what has been done in any 
branch of art during the past year, he has only to turn to Mr. Timbs's pages, auid 
is sure to obtain the required information." — Mechanic^ Magazine, 

** There is not a more uiseful or more interesting compilation than the 'Year Book of 
Facts.' . . . The discrimination with which Mr. Timbs selects his facts, and the admi- 
rable manner in which he condenses into a comparatively short space all the salient 
features of the matters which he places on record, are deserving of great praise. "-« 
Railway News, 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars— their Distances and Masses. By Professor 
J. R. Young, Author of " A Course of Elementary Mathematics," 
&c. &c Fcap. 8vo, price 5j. cloth lettered. 

" Professor Young's examination of the early verses of Genesis, in connection with 
modem scientific hypotheses, is excellent."— £«^/mA Churchman, 

** Distinguished by the true spirit of scientific inquiry, by great knowledge, by keen 
logical ability, and by a style peculiarly clear, easy, and caergt^c."—Noncffn/hrmtst. 

** No one can rise from its perusal without being impressed with a sense of the sin- 
gular weakness of modem scepticism."— ^a//M/ Magazine. 

** A valuable contribution to controversial theological literature."— C«(y Press, 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the R. 
John Carr, M. A., late Fellow of Trin. Coll., Cambridge. Secon^ 
Edition. i8mo, 5 J. cloth* 
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Dr. Lardners Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. Contents : 
The Planets ; are they inhabited Worlds ? — Weather Prognostics — 
Popular Fallacies in Questions of Physical Science — Latitudes and 
Longitudes — Lunar Influences — Meteoric Stones and Shooting 
Stars — Railway Accidents — Light — Common Things : — Air — 
Locomotion in the United States — Cometary Influences — Common 
Things: Water — Tl>e Potter's Art — Common Things: Fire — 
Locomotion and Transport, their Influence and Progress — The 
Moon — Common Things : The Earth — The Electric Telegraph — 
Terrestrial Heat — The Sun — Earthquakes and Volcanoes — Baro- 
meter, Safety Lamp, and Whitworth's Micrometric Apparatus — 
Steam — The Steam Engine — ^The Eye — The Atmosphere — ^Time 
— Common Things : Pumps — Common Things : Spectacles, the 
Kaleidoscope — Clocks and Watches — Microscopic Drawing and 
Engraving — Locomotive — ^Thermometer — New Planets : Lever- 
rier and Adams's Planet — Magnitude and Minuteness — Common 
Things : The Almanack — Optical Images — How to observe [the 
Heavens — Common Things : the Looking-glass — Stellar Universe 
— The Tides — Colour — Common Things : Man — Magnifying 
Glasses — Instinct and Intelligence — ^The Solar Microscope — The 
Camera Lucida — The Magic Lantern — The Camera Obscura — 
The Microscope — The White Ants : their Manners and Habits — 
The Surface of the Earth, or First Notions of Geography — Science 
and Poetry — The Bee — Steam Navigation — Electro-Motive 
Power— Thunder, Lightning, and the Aurora Borealis — The 
Printing Press — The Crust of the Earth — Comets — The Stereo- 
scope — The Pre- Adamite Earth — Eclipses — Sound. With up- 
wards of I20O Engravings on Wood. In 6 Double Volumes, 
handsomely bound in cloth, gilt, red edges, price £\ is, 

** The ' Museum of Science and Art ' is the most valuable contribution that has 
ever been made to the Sdendiic Instruction of every class of society." — Sir David 
Brewster in the North British Review. 

** Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or ' the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welccmied by 
peq;>le of so many ages and classes as a valuable present." — Examiner. 

%• Separate books formed from the above^ stdtahle for Workmen* s 

Libraries, Science Classes, 6^c. 

DMMON Things Explained. With 233 Illustrations, 5j. cloth. 
.'HE Electkic Telegraph Popularized. 100 Illustrations, is. 6^.cloth. 
The Microscope. With 147 Illustrations, 2s. cloth. 
Popular Geology. With 201 Illustrations, 2s. 6d. cloth. 
Popular Physics. With 85 Illustrations. 2s. 6d. cloth. 
Popular Astronomy. With 182 Illustrations, 4^. 6d. cloth. 
Steam and its Uses. With 89 Illustrations, 2s. cloth. 
The Bee and White Ants. With 135 Illustrations, cloth. 
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DR. LARDNER'S SCIENTIFIC HANDBOOKS. 
Astronomy. 

THE HANDBOOK OF ASTRONOMY. By Dionysius 
L.ARDNER, D.C.L., fonnerly Professor of Natural Philosophy and 
Astronomy m University College, London. Third Edition. Re- 
vised and Edited by Edwin Dunken, F.R.A.S., Superintendent 
of the Altazimuth Department, Roysil Observatory, Greenwich. 
With 37 plates and upwards of loo Woodcuts. In i voL, small 
8vo, cloth, 550 pages, price 7^. 6^. 
" We can cordially recommend it to all those who deare to possess a complete 
mamial of the science and practice of astronomy." — Astronomical Reporter, 

Optics. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B.A. Lond., of University College, London. 
With 298 Illustrations. Small 8vo, cloth, 448 pages, price 5x. 

Electricity. 

THE HANDBOOK of ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B. A., F.C.S. With 400 Illustrations. Small 8vo, cloth, price 5s. 

" The book could not have been entrusted to an^ one better calculated to preserve 

the terse and lucid style of Lardner, while correcting his errors and bringing up his 

work to the present state of scientific knowledge." — Poplar Science Review. 

Mechanics. 

THE HANDBOOK OF MECHANICS. {R^inHng. 

Hyarostatics. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised, and Enlarged by Benjamin Loewy, 
F.R.A.S. With numerous Illustrations. 5 J. [jfust publislud. 

Heat. 

THE HANDBOOK OF HEAT. New Edition, Re-written an 
Enlarged. By Benjamin Loewy, F.R.A.S. {Preparing 

Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. With 520 
Illustrations. New edition, small 8vo, cloth, 7j. td, 732 pages. 

{Just published. 

Electric Telegraph. 

THE ELECTRIC TELEGRAPH. New Edition. Revised 
and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. 
Small 8vo, 3^. 6^. cloth. 
*^ One of the most readable books extant on the Electric Telegraph."«-JS'»;if . Mechanic. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner 
328 Illustrations. Fifth Edition, i vol. y. 6d. cloth. 
** A very convenient class-book for junior students in private schools. It is in- 
tended to convey, in clear and precise terms, general notions of aU the prioc^l 
divisions of Physical Science." — British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdner. 
With 190 Illustrations. Second Eldition. I voL 3^. dd, cloth. 
" Clearly written,wcll arranged, and excellently illustrated."— (Pofv^^ff^r'f Chronicle, 
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Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. 8vo, price 5j. cloth. 

" We can recommend Mr. Le Vauz as an able and interesting guide to a popular 
appreciation of geological science." — Spectator.^ 

"The author combines an unbounded admiration <^ science with an unbounded 
admiration of the Written ReconL The two impulses are balanced to a nicety ; and 
the consequence b, that difficulties, which to minds less evenly poised, would be 
serious, find immediate solutions of the happiest kinds.' ' — LotuUm Review, 

** Vigorously written, reverent in spirit, stored with instructive geological facts, and 
designed to show that there is no discrepancy or inconsistency between the Word and 
the works of the Creator. The future of Nature, in connexicm with the glorious destiny 
of man, b vividly conceived." — WatchmoH. 

No real difficulty is shirked, and no sophistry is left imexposed." — The Rock, 
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Geologyy Physical. 

PHYSICAL GEOLOGY.- (Pardy based on Major-General 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, zr. {Ready, 

Geology^ Historical. 

HISTORICAL GEOLOGY. (Pardy based on Major-General 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, zr. 6^. [Ready. 

%* Or Physical and Historical Geology, bound in One 
Volume, price 5j. 

Wood' Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price 2x. (id, 

** The handicraft .of the wood-carver, so well as a book can impart it, may be learnt 

from * A Lady's ' publication." — Atketueum. 
** A real practical guide. It is very compldte."— Z.jVrrw»y Churchman, 
" The directions given are plain and easuy understood, and it forms a very good 

introduction to the practical part of the carvel's axt,**—£ftglish Mechanic, 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Times, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, df. cloth. 

Art at South Kensington. 

** A work that may be advanta^^eously consulted. Much may be learned, even by 
hose who fancy they do not require to be tancht, from the careful perusal of this 
ipretending but comprehensive treatise." — Art Journal. 

** A valuable book, which surolies a want It contains a large amount of oripnal 
'tter, agreeably conveyed, and will be found of value, as well by the young artist 

king information as by the general reader. We give a cordial wdcome to the book, 

I augur for it an increasing reputation." — Builder, 

' This volume is one that we can heartily recommend to all who are desirous of 

lerstanding what they admire in a good ^iaxD^&Dg,**—Daify News. 



^ Tkis Work has been adopted as a Prize-book in the Schools of 
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Delamott^s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMII^ATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price 9^. Elegantly bound, cloth antique. 

"A handy book, beautifully illustrated ; the text of which is well written, and cal- 
culated to be useful . . . Theexamplesof ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from collections accessible to all, are 
selected with judgment and knowledge, as well as taste.*" — Athenttunt, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4r. doth. 

"A well-known engraver and draughtsman has enrolled in this useful book the 
result of many years' study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, this book will be }3sitSxi!L**~-AthetuBum, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, laige and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4J. cloth. 

'* To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerab can be formed, and the talent which 
has been expended m the conception of the various pUuB and ornamental letters is 
wonderf uL ^---Standard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illimiinated Title, 
printed in Gold and Colours, With an Introduction by J. Willis 
Brooks. Small 4to, dr. cloth gilt 

" A volume in which the letters pf the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven ana intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolired in a bunch of flowers 
well selected and cleverly arranged." — Sun. 

THE EMBROIDERER'S BOOK OF DESIGN ; contaming Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesia.'- 
tical Devices, Mediaeval and Modem Alphabets, and Nation 
Emblems. Collected and engraved by F. Delamotte, ai 
printed in Colours. Oblong royal 8vo, 2j. 6^. in ornamental boan? 
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AGRICULTURE, &c. 



Youatt and Buriis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. nth Edition, enlarged by 
Robert Scott Burn, Author of "The Lessons of My Farm," &c. 
One large 8vo volume, 7S4 pp. with 215 Illustrations, i/. u. half-bd. 



CONTENTS. 



On the Breedings Rearing^f FeUtenine^ 
and General Management ^Neai Cattle. 
— Introductory View of the dfuFerent Breeds 
of Neat Cattle in Great Britain. — Com- 
parative View of the different Breeds of 
Neat Cattle. — General Otseryations on 
buying and Stockine a Farm with Cattle. 
—The Bull.— The Cow.— Treatment and 
Rearing of Calves. — Feeding of Calves for 
Veal. — Steers and Draught Oxen. — Graz- 
ing Cattle. — Summer Soiling Cattle. — 
Winter Box and Stall-feeding Cattle.— 
Artificial Food for Cattle.— Preparation 
of Food.— Sale of Cattle. 

On the Econonw and MoMogement of 
the Dairy. — Milch Kine. — Pasture and 
other Food best calculated for Cows, as 
it regards their Milk. — Situation and 
Buildmgs proper for a Dairy, and the 
proper £)airy Utensils. — Management of 
Milk and Cream, and the Madcing and 
Preservation of Butter. — Making and Pre- 
servation of Cheese. — Produce w a Dairy. 

On the Breedings Rearing^ and Ma- 
nagement of Farm-horses. — Introductory 
and Comparative View of the different 
Breeds of Farm-horses. — Breeding Horses, 
Cart Stallions and Mares. — Rearing and 
Trainms of Colts. — ^Age, Qualifications, 
and Sale of Horses. — Maintenance and 
Labour of Farm-horses. — Comparative 
Merits of Draught Oxen and Horses.— 
Asses and Mules. 

On t/ie Breeding, Rearing, and Fat- 
tening of S keep. — Introductory and Com- 
Darative View of the different Breeds. — 
Merino, or Spanish Sheep. — Breeding and 
Management of Sheep. —Treatment and 
Rearing of House-kiraos,Feedingof Sheep, 
Folding Sheep, Shearing of Sheep, &c. 

On the Breeding, Rearing, and Fat- 
tening of Stnine. — Introductory and Com- 
parative View of the different Breeds of 
Swine. — Breeding and Rearing <^ Pigs. — 
"^eeding and Fattening of Swine. — Curing 

9rk and Bacon. 



On the Diseases of Cattle.^B'tscascs 
Incident to Cattle. — Diseases of Calves; — 
Diseases of Horses. — Diseases of Sheep. — 
Diseases of Lambs. — Diseases Incidcmt to 
Swine. — Breeding and Rearing of Do- 
mestic Fowls, Pigeons, &c. — Pahnipedes, 
or Web-footed kinds. — ^Diseases of Fowls. 

On Farm Offices and Implements of" 
Husbandry. ^Thc Farm-house, the Farm- 
yard, and its Offices. —Construction of 
Ponds. — Farm Cottages. — Farm Imple- 
ments. — Steam Cultivation. — Sowing Ma- 
chines, and Manure Distributors. — Steam 
Engines, Hirashinz Machines, Corn- 
dressing Machines, Mills, Bruising Ma- 
chines. 

On the Cidture eaid Management of 
Grass Land, — Size and Shape of Fields. 
—Fences. — Pasture Land. — Meadow 
Land.— Culture of Grass Land. — Hay- 
making. — Stacking Hay. — Impediments 
to the Scythe and the Eradication of 
Weeds.— Paring and Bumiug. — Draining. 
Irrigation. — Warping. 

On the Cnltivation and Application 
of Grasses, Pulse, and Roots. — ^Natural 
Chrasses usually cultivated. — Artificial 
Grasses or Green Crops. — Grain and 
Pulse commonly cultivated for their 
Seeds, for their Straw, or for Greea 
Forage. — ^Vegetables best calculated for 
Aniinal Food. — Qualities and Compara- 
tive Value of some Grasses and Roots as 
Food for Cattle. 

On Manures in General, and their 
Application to Grass Land. — Vegetable 
Manures. — Animal Manures. — Fossil and 
Mineral Manures.— Liquid or Fluid Ma- 
nures. — Composts. — Preservation of Ma- 
nures. — Application of Manures. — Flemish 
System of Manuring. — Farm Accounts, 
and Tables for CalcuUting Labour by the 
Acre, Rood, &c., and by the Day, Wedc, 
Month, &c.— Monthly Calendar of Work 
to be done throughout the Year. — Obser* 
vations on the Weadier. — Index. 



<( ' 



The standard and text-book, with the fanner and grazier.** — Farmer's Magasine. 

' A valuable repertory of intelligence for all who make agriculture a pursuit, and 
specially for those who aim at keeping pace with the improvements of the age." — 
BelPs Messenger. 

*' A treatise which will remaun a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express. 
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Scott Burtis System of Modem Farming. 

OUTLINE OF MODERN FARMING. By R. Scott Burn. 

Soils, Manures, and Crops — Farming and Fanning Economy, 

Historical and Practical — Cattle, Sheep, and Horses — Management 

of the Dairy, Pigs, and Poultry, with Notes on the Diseases of 

Stock — Utilisation of Town- Sewage, Irrigation, and Reclamation 

of Waste Land. New Edition. In I vol. 1250 pp., half-bound, 

profusely Illustrated, price \2s, 

** There is sufficient stated within the Hmits of this treatise to prevent a farmer 

from going far wrong in any of his operations. . . . The author has had great 

personal experience, and his opinions are entitled to every respect"— C^^j^rf^r. 

Scott Burn's Introdtcction to Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm- work Records. By Robert 
Scott Burn, Editor of " The Year-Book of Agricultural Facts," 
&c. With numerous Illustrations. Fcp. dr. cloth. 
*'Amost complete introduction to the whole round of farming practice." — John 

BttU. 

*' There are many hints in it which even old farmers need not be ashamed to 

accept." — Morning Herald. 

Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT : being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. To which are added. Tables for reducing Scotch, Irish, 
and Provincial Customary Acres to Statute Measure ; also. Tables 
of Square Measure, and of the various Dimensions of an Acre in 
Perches and Yards, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; &c. 
By R. Hudson, C.E. New Edition, price 4r. strongly \>ound. 
" This new edition includes tables for ascertaining the vsdue of leases for any term 
of years ; and for showing how to lay out plots of ^ound of certain acres in forms, 
square, round, &c., with valuable rules for ascertainu^ the probable worth of standing 
timber to any amount ; and is of incalculable value to the coimtry gentleman and pro- 
fessional man.*' — Farmer's youmal. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By John Wheeler, Valuer, &c. 
Third Edition, enlarged, by C NORRIS. Royal 32mo, strongly 
bound, price Jj. \Ricmtly published. 

"A neat and concise book of reference, containing an admirable and dear^ 

arranged list of prices for inventories, and k very practical guide to determine 

value of furniture, &c" — Sta$idard. 

The Civil Service Book-keeping. 

BOOK-KEEPING NO MYSTERY: its Principles popularly v 
plained, and the Theory of Double Entry analysed. By an Expl 
RiENCED Book-Keeper, late of H.M. Civil Service. Second 
Edition. Fcp. 8vo. price 2s. cloth. 
"A book which brings the so-called mysteries within the comprehension of the 
simplest capacity."— ^imMltxj' Timet. 
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^*A Complete Epitome of the Laws of this 
Country.^* 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister, nth Edition, 
carefully revised, including a Summary of the Ballot Act, The 
Adulteration of Food Act, The Masters* and Workmen's Arbitra- 
tion Act, the Reported Cases of the Courts of Law and Equity, &c. 
With Notes and References to the Authorities. i2mo, price dr. 8^. 
(saved at every consultation), strongly bound. 

\Now ready. 

Comprising the Rights and Wrongs of Individuals^ Mercantile and Com- 
merciil Law^ Criminal Law^ Parish Law, County Court Law, 
Game and Fishery Laws, Poor Metis Lawsuits, 

THE LAWS OF 
Bankkuptcv — Bills of Exchange — Contracts and Agrebmbnts — Copyright 
— DowsR AND Divorce— Elbctions and Registration — Insurance — Libel 
AND Slander— Mortgages— Sbttlbmbnts— Stock Exchange Practice— 
Trade Marks and Patents — Trespass, Nuisances, etc— Transfer of 
Land, etc. — Warranty— Wills and Agreements, etc 

Also Law for 
Landlord and Tenant — Master and Servant— Workmen and Apprentices — Heirs, 
Devisees, and L^atees — Husband and Wife — Executors and Trustees — Guardian 
and Ward — Married Women and Infants— Partners and Agents — Lender and 
Borrower — Debtor and Creditor— Purchaser and Vendor— Companies and Asso- 
ciations — Friendly Societies — Qergymen, Churchwardens — Medical Practitioners, 
&c. — Bankers — Farmers— Contractors — Stock and Share Brokers — Sportsmen 
and Gamekeepers — Farriers and Horse-Dealers — Auctioneers, House-Aeents— 
Innkeepers, &c. — Pavmbrokers — Surveyors — Railways and Carriers, &c. &c. 
" No EnglishmaH ought to be vnthout this book . . . any person perfectly unin- 
formed on legal matters, who may require sound information on unknown law points, 
wUl, by reference to this book, acquire the necessary information ; and thus on many 
occasions save the expense and loss of time of a visit to a \a.wyer.'*-~£figtHeer. 

" It is a complete code of English Law, written in plain language which all can 
understand . . . should be in the hands of every business man, and all who wish to 
abolish lawyers' bilk." — Weekly Times. 

** A useful and concise epitome of (he law, compiled with considerable czre.**— Law 
Magazine. 

" What it professes to be — a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers. The book is a handy one to have in readi- 
ness when some knotty point requires ready solution." — Bell's Life, 

Pawnbrokers Legal Guide. 

THE PAWNBROKERS', FACTORS', and MERCHANTS' 
GUIDE to the LAW of LOANS and PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and 
Criminal, as to Loans and Pledges of Goods, Debentures, Mercan- 
tile, and other Securities. By H. C. Folkard, Esq., of Lincoln's 
Inn, Barrister-at-Law, Author of the "Law of Slander and Libel," 
&c. i2mo, cloth boards, price 7j. [Just published. 

The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMPANIES. By Whitton Arun- 
DELL, Attorney-at.-Law. Crown 8vo. 4J. cloth. • 

A C y QM 7t'^Ag|ew;ftOo^ilnfcs, Whitefrtars, London. 
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